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COMMITTEES  OF  THE  SOCIETY. 
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Cooperate  with  the  American  Mathematical  Society. 
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A  study  of  the  present  praetiee  in  r^ard  to  the  teaehing  of  direct 
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Oontinue  present  inTestigations. 
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JOHX  T.  Faig,  Chairmuiny  W.  D.  Exxis,  F.  X.  Raymoxd,  Chas.  Warrex 
HrxT  and  S.  E.  Moss. 
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WmjsTox,  F.  L.  Bishop. 

To  cooperate  with  the  War  Department. 

22.  Committee  on  Intdligence  Tests:  L.  L.  Thx:^stox,  Chairwum,  Wm. 
T.  Macsudex,  Axsox  Marstox,  Dcgald  C.  Jacksox  and  C.  B.  Doolet. 

23.  Committee  to  Coopexate  with  the  American  Society  of  Mechanical 
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Fessexdex  and  L.  M.  Deeoe. 
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FINAL  PROGRAM  OF  THE  27th  ANNUAL  MEETING, 
THE  JOHNS  HOPKINS  UNIVERSITY,  HOME- 
WOOD,  BALTIMORE,  MD.,  JUNE  25-28,  1919. 

"WedxesdaT;  Juxe  25. 

11:30  A.  M. — Meeting  of  the  Council  at  Johns  Hopkins  Cluh. 
2:00  P.  M. — Opening  Session. 
President  Hayford  presiding. 

Address  of  "Welcome.  Frank  J.  Goodnow,  President.  The 
Johns  Hopkins  University. 

Response.     John  F.  Hayford,  President  of  the  Society. 

Eeport  of  Special  Committee  on  the  report  of  the  Joint  Com- 
mittee on  Engineering  Education,  W.  E.  ]\Iott,  Chairman. 

Paper — The  Case  System  for  the  Study  of  Law;  What  it  is, 
and  its  Bearing  on  Engineering  Education,  by  C.  F. 
Allen,  West  Roxbury,  ^Mass. 

Paper — ^lental  Tests  for  Engineering  Students,  by  Walier 
Y.  Bingham,  Carnegie  Institute  of  Technolog;^',  Pitts- 
burgh, Pa. 

Paper — ^Vocational  Intelligence  Examination  to  IV  Year 
:M.  E.  Students,  by  Wm.  T.  Magruder,  The  Ohio  State 
University. 

Report  of  Committee  No.  15.  Civil  Engineering,  A.  H.  Fuller, 
Chairman. 

Paper — Highway  Transport  Engineering,  by  A.  H.  Blanchard, 
President,  National  High^\ay  Traffic  Association,  New 
York  City. 

Appointment  of  Committees  on  Resolutions  and  Nominations. 

8:00  P.  M. — Annual  mixer  meeting  at  Baltimore 

Country  Cluh. 

X 


pbogbam  of  twexty-sevexth  axni'.vl  meeting. 

Thursday.  June  26. 

9:00  A.  M.— Meeting  of  the  Council 
9:30  A.  M. —Second  Session. 

Paper — Effect  of  the  War  on. Engineering  Education. 

Discussion :  Anson  Marston,  K.  G.  Matheson,  Carl  C.  Thomas, 
A.  G.  Christie. 

Report  of  Committee  No.  8.  Admission.  E.  F.  Coddington, 
Chairman. 

Report   of   Committee   Xo.    10,    ^Mathematics,    L.    C.    Plant, 

Chairman. 

Report  of  Committee  Xo.  11-A.  Physics.  G.  W.  Stewart, 
Chairman. 

Report  of  Committee  Xo.  12,  English,  C.  W.  Park,  Chairman. 

Paper — The  Unconscious  Plagiarist,  by  G.  I.  ^litehell,  Uni- 
vei*sity  of  Pittsburgh. 
12:00  M. — Informal  luncheon  for  convention    in 
Machinery  Hall. 

2:00  P.  M.— Third  Session. 

Paper — ^lilitary  Training  in  Engineering  Schools,  by  Col. 
F.  J.  Morrow,  Chairman,  Committee  on  Education  and 
Special  Training  of  the  War  Department. 

Discujssion:  Charles  S.  Howe,  Capt.  George  R.  Guild. 

Paper — The  Coast  Artillery-  and  the  Reserve  Officers'  Train- 
ing Corps,  by  Major  Harrison  Tilghman,  Fort  Monroe. 

Report  of  Committee  Xo.  16.  ^fpchanical  Engineering.  0.  A. 
Leutwiler,  Chairman. 

Paper — Teaching  Safety  in  Engineering  Schools,  by  George 
W.  Case,  University  of  Pittsburgh. 

Report  of  Committee  X'o.  17,  Electrical  Engineering,  C. 
Francis  Harding,  Chairman. 


PEOGEAM    OF    TWEXTY-SE^'ENTH    ANNUAL    MEETING.       XI 

Report  of  Committee  Xo.  18,  ^Mining  Engineering,  F.  W. 
Sperr,  Chairman. 

Report  of  Committee  No.  20,   Standardization  of  Technical 
Nomenclature,  John  T.  Faig,  Chairman. 
7 :30  P.  M. — Annual  dinner  at  Baltimore  Country  Club. 

Presidential  Address:  ''Reflections  of  an  S.  P.  E.  E.  Presi- 
dent. ' '     President  John  F.  Hayf ord. 

Friday,  June  27. 

9:00  A  If. — Meeting  of  the  Institutional  Delegates. 
9:30  A.  M.— Fourth  Session. 

Paper — The  Societj'-  for  the  Promotion  of  Engineering  Edu- 
cation. A  Survey  of  its  Past  and  a  Reconnaissance  of  its 
Future.  George  R.  Chatburn,  Past  President,  C.  J. 
Tilden,  The  Johns  Hopkins  University. 

Degrees,  by  E.  0.  Leuschner,  University  of  California. 
Paper — The  Vitalizing  Principles  in  Education,  by  Edward 
J.  Kunze,  Cooper  Union. 

Paper — Vocational  Correlation,  by  0.  J.  Ferguson,  University 
of  Nebraska. 

Report  of  the  Treasurer. 

Report  of  the  Secretary. 

11:00  A.  M. — Leave  the  Johns  Hopkins  University  by  street 

car,   taking  train  at   Camden  Station  at  12:00  M. 

for  Annapolis. 

1:15  P.  M. — Luncheon  at  Carvel  Hall.     Inspection  of  the 

United  States  Naval  Academy  and  the  Engineering 

Experiment  Station. 

6:00  P.  M. — Take  train  for  Baltimore. 

8:00  P.  M. — Informal  smoker.     Bound  Table  Discussion. 

9:00  A.  J/. — Meeting  of  the  Council. 


Xll       PROGRAM    OF    TWENTY-SEVENTH    ANNUAL    MEETING. 

9:30  A.  M.— Fifth  Session. 
Report  of  Committee  on  Resolutions. 
Report  of  Committee  on  Nominations. 
Election  of  Officers. 

Paper — Engineering  Colleges  and  Their  Administration,  by 
Ira  X.  Hollis,  "Worcester  Polytechnic  Institute. 

Symposiuin  on  Changes  in  Courses. 
The  New  Course  at, Tufts  College,  by  Gardner  C.  Anthony, 
Tufts  College. 

J.  R.  Benton,  University  of  Florida. 

F.  H.  Constant,  Princeton  Cniversity. 

George  B.  Pegram,  Columbia  University. 

J.  C.  Tracy,  Yale  University. 

A.  A.  Potter,  Kansas  State  Agricultural  College. 

F.  C.  Bolton.  A.  &  :\I.  College  of  Texas. 

Dugald   C.    Jackson.    Massachusetts    Institute    of   Tech- 
nology. 
F.  L.  Bishop,  University  of  Pittsburgh. 

Report    of   Committee    No.    11-B.    Chemistry.    R.    M.    Bird, 
Chairmmh 

Report  of  Committee  No.  13,  ^lechanics  and  Hydraulics,  0.  H. 
Basquin,  Chai}-man. 

Report  of   Committee   No.   14,   Economics,   C.   C.   Williams, 
Chairman. 

Paper — Visual  Industrial  Course,  by  Collins  P.  Bliss,  New 
York  University. 

12:30  P.  M.— Adjournment. 

Meeting  Place. 

Mechanical  and  Electrical  Engineering  Building.  The  Johns 
Hopkins  University,  Homewood,  Baltimore,  Md. 


PROGRAM    OF    TWENTY-SEVENTH    ANNUAL    MEETING.       xiii 

Registration  and  Inporma.tion. 

The  place  of  registration  and  general  information  will  he 
in  one  of  the  rooms  of  the  Mechanical  and  Electrical  Engineer- 
ing Buildings. 

Recreation  and  Excursions. 

The  Local  Comittee  has  arranged  a  luncheon  for  the  first 
meeting  of  the  Council  at  the  Johns  Hopkins  Club  at  12:30 
P.  ]\r.,  "Wednesday,  June  25.  The  annual  mixer  meeting  will 
be  held  at  the  Baltimore  Country  Club,Wednesday  evening 
at  8  :00  P.  M.,  and  the  annual  dinner  at  the  same  place  Thurs- 
day evening  at  7:30  P.  M.  This  dinner  will  be  $3.00  per 
plat€,  Friday  afternoon  has  been  set  aside  for  a  trip  to  the 
U.  S.  Naval  Academy  and  the  Engineering  Experiment 
Station.  Street  cars  will  leave  the  University  at  11 :00  A.  M. 
in  order  to  make  connections  at  Camden  Station  with  the  train 
leaving  there  at-  12  M.  Luncheon  will  be  served  at  Carvel 
Hall,  Annapolis,  at  1 :15  at  75c  per  person.  There  will  be  an 
informal  smoker  on  Friday  evening  at  8  :00  P,  M.,  the  location 
to  be  announced  at  the  meeting. 

Headquarters  will  be  established  at  The  Rennert.  The 
rates  are  singie  rooms  wdthout  bath,  .$1.50  to  $2.50 ;  with  bath, 
$2.50  to  $5.00,  single ;  second  person  in  room  $1.50  additional. 

Other  hotels  and  rates  are  : 
Southern  Hotel — $3  and  $4  per  day,  single;  $5  $6  and  $7 

per  day,  double.     Every  room  has  bath. 
Belvedere  Hotel— $3  and  $4  per  day,  single;  $5  $6  and  $7 

per  day,  double. 
The  Emerson — Rooms  without  bath,  $3.50  and  $4;  with  bath, 

$4  and  $4.50.     Room  with  bath,  two  persons,  $7  and  $7.50 

per  day. 

Local  Committees. 

John  B,  Whitehead,  Chairman. 

Committee  on  Booms  and  Meals. — A.  G.  Christie,  Chairman, 
J.  H.  Bringhurst,  J.  C.  Smallwood,  M.  W.  Pullen. 
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Committee  on  Relations  ivith  Non-Members  and  Entertain- 
ment of  Visitiyi^  Ladies.— C.  J.  Tilden,  Chairnuin,  J.  H. 
Gregory,  J.  E.  Greiner. 

Committee  on  Arrangements  in  Mechanical  and  Electrical 
Engineering  Building— J.  B.  Whitehead,  Chuirmun,  A.  G. 
Christie,  W.  B.  Konwenhoven,  J.  C.  Small  wood,  :M.  W.  Pullen. 

Committee  on  Excursions  and  Entertainment. — C.  J.  Tilden, 
Chairman,  L.  A.  Doggett.  W.  B.  Kouwenhoven.  J.  B.  Scar- 
borough, R.  E.  Root.  C.  A.  Styer. 

Officers  for  the  1919  :\Ieeting. 
John  F.  Hayford.  President. 

Vice-Presidents. 

John  T.  Faig,  E.  R.  Maureb. 

W.  0.  Wiley,  Treasurer. 

F.  L.  Bishop,  Secretary. 


MEMBERS   AND    GUESTS   REGISTERED   AT 
MEETING. 


Allen,    C.    P., 
Allen,  Chester, 
Anthony,   G.  C, 
Barnes,  A.   F., 
Beckstrand,  E.  H.. 
Benton,  J.  E., 
Berg,  E.  J., 
Bishop,  F.  L., 
Bishop,  F.  L.,  Jr., 
Bishop,  F.  L.,  Mrs., 
Blanchard,  A.  H., 
Bliss,  Collins  P., 
Boardman,  H.  S., 
Bolton,   F.  C, 
Bringhurst,  J.  H., 
Bringhurst,  J.  H.,  Mrs.j 
Browne,  Wm.  Hand,  Jr., 
Bozell,   H.  v., 
Boyer,  F.  Q., 
Berger,  W,  H., 
Burden,  H.  P., 
Butler,   G.   M., 
Case,  G.  W., 
C'omstock.  C.  E., 
Chase,  H.  W., 
Chase,  L.  W., 
Chatburn,  G.  E., 
Covell,  G.  A., 
Christie,  A.  G., 
Cleghorn,  M.  P.. 
Coddington,  E.  F., 
Constant,  F.  H., 
Conner,  S.  L., 
Crandell,  J.  S., 
Dabney,  C.  W., 
Davis,  Geo.  Jacob,  Jr., 
Dodge,  H.  L., 
Daggett,  P.  H., 
Dargan,  F.  T., 
Dargan,  F.  T.,  Mrs., 
Dargan,   Elizabeth,   Miss, 


Danforth,  E.  H., 
Dietz,  J.  W., 
Daugherty,  E.  1,., 
Dearborn,  E.  H., 
Disque,  E".  C, 
Doggett,  L.  A., 
Dunham,  J.  H., 
Duffey,  C.  P., 
Duckering,  W.  E., 
Eldred,  C.  P., 
Earle,  S.  B., 
Evans,  F.   H., 
EUis,  C.  A., 
Emory,  F.  L., 
Faig,  J.   T., 
Felgar,  J.  H., 
Fermier,  E.  J., 
Fuller,  A.  H., 
Fish,  F.  A., 
Flather,  J.  J., 
Gibson,  A., 
Gregory,  J.  H., 
Greene,  A.  M.,  Jr., 
Gunner,  J.  E., 
Griswold,  E.  G., 
Hamilton,  E.  P., 
Hayden,  Frank  D., 
Hay  ford,  John  P., 
Hatt,  W.  H.. 
Hazeltine,  L.  A., 
Hickerson,  T.  F., 
Harbarger,  Sada  A., 
Henderson,  W.  E., 
Hoffman,  George  A., 
Holbrook,  E.  A., 
Holden,  C.  A., 
Holden,  C.  A.,  Mrs., 
Huntington,  E.  V., 
Jabine,  L., 
Jackson,  D.  C, 
Jenkins,  A.  L., 
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Jones,  B.  0., 
Jones,  C.  B., 
Eavanaugb,  W.  H., 
Kunze,  E.  J., 
Kinsley,  Carl, 
King,  B.  S., 
Lanagan,  W.  H., 
Lear,  J.  E., 
Langsdorf,  A.  S., 
Leuschner,  E.  O., 
Lapham,  John  B., 
Leland,  O.  M., 
LePaige,  C,  B., 
LePaige,  Lois,  Miss, 
Leutwiler,  0.  A., 
McCaustland,  E.  J., 
McDaniel,  A.  B., 
McKenrv,  Nell,  Miss, 
MacKavanaugh,  Thos.  J., 
McEae,  A.  L., 
McKibben,  F.  P., 
McXair,  F.  W., 
Maodonald.  T.  H., 
Magruder,  W.  T., 
Marquis,  F.  W., 
Marston,  Anson, 
Mann,  C.  B., 
More,  C.  C, 
Morrow,  F.  J., 
Mott.  W.  E., 
Mustard,  J.   H., 
Xelson,  J.  B., 
Newcomb,  J.  L., 
Park,  C.  W., 
Pegram,  G.  B., 
Potter,  A.  A., 
Pullen,  M.  W., 
Bice.  L.  H., 
Boberts,  E.  B., 
B^ybold,  E., 
Bobinson.  M.  B., 
Bobinson,  M.  B.,  Mrs., 
Bockwell,  E.  H., 
Bodman,  W.  S., 


Bohrer,  A.  L., 
Boot,  Balph  E., 
Bead,  T.  T., 
Biggs,  N.  C, 
Bussell,  Walter  B., 
Bandolph,  L.  S., 
Eittenhouse,  L.   H., 
Stout,  O.  V.  P., 
Smith,  E.  T., 
Sackett,  B.  L., 
Shaw,  H.  B., 
Snow,  Chas.  H., 
Snow,  Louis  F., 
Styer,  C.  A., 
Sypherd,  W.  O., 
Summers,  B.   H., 
Taylor,  T.  U., 
Thomas,  B.  G., 
Thomas,  C.  C, 
Thomas.  C.  C,  Mrs., 
Thompson,   J.   S., 
Titsworth.  A.  A.. 
Thornton,  W.  M., 
Thurstone,  L.  L., 
Tilden,  C.  J., 
Tilden,  C.  J.,  Mrs., 
Tilghman,  Harrison, 
Tracy.  J.  C, 
Turneaure,  F.  E., 
Totey,  J.  W., 
Walker,  E.  D., 
Walker,  P.  F., 
Watkins,   L.   H.. 
Wickenden,  W.  E., 
Williams,  C.  C, 
Williams,  J.  P.  J., 
Wilson,  A.  M., 
Wilson,  W.  L.. 
Williston,  Arthur  L., 
Wiriok.  C.  M., 
Whitehead,  J.  B., 
Weschler,  George  A., 
Wiley,  W.  O. 


MINUTES  OP  THE  TWENTY-SEVENTH 
ANNUAL  MEETING. 

The  Johns  Hopkins  University,  Baltimore,  Md. 
June  25-28,  1919. 


The  twenty-seventh  annual  meeting  of  the  Society  for  the 
Promotion  of  Engineering  Education  was  held  at  The  Johns 
Hopkins  University,  Baltimore,  Md.,  June  25  to  28,  1919.  The 
sessions  were  held  in  the  Mechanical  and  Electrical  Engineer- 
ing Building. 

MINUTES  OF  THE  REGULAR  SESSIONS. 

Wednesday,  June  25. 


Opening  Session. 

The  meeting  was  called  to  order  at  2 :  00  P.M.  by  President 
John  F.  Hayford,  Director  of  the  College  of  Engineering, 
Northwestern  University.  President  Frank  J.  Goodnow  of 
The  Johns  Hopkins  University  welcomed  the  Society  to  the 
University  and  President  Hayford  responded  for  the  Society. 

The  Special  Committee  appointed  to  make  a  study  of  the 
report  of  the  Joint  Committee  on  Engineering  Education  re- 
ported at  this  time  followed- by  two  papers  dealing  with  this 
subject:  "Mental  Tests  for  Engineering  Students,"  by  L.  L. 
Thurstone,  and  "Vocational  Intelligence  Examination  to  IV 
Year  M.  E.  Students,"  by  Wm.  T.  Magruder.  A  discussion 
followed. 

2  1 


2.      MINUTES  e^F  t\vexty-se\t:nth  anxu.u.  meeting. 

The  President  announced  the  following  as  members  of  the 
Committee  on  Resolutions:  0.  M.  Leland,  chairman,  R.  S. 
King  and  "W.  H.  Burger. 


Thursday.  Juxe  26. 


Second  Session. 


The  meeting  was  called  to  order  at  9 :  30  with  President 
Hayford  in  the  chair.  A  list  of  seventeen  individual  and  one 
institutional  applicants,  which  had  been  approved  by  the 
Council,  was  favorably  acted  upon  by  the  Society. 

Professor  C.  F.  Allen  presented  a  paper  on  "The  Case  Sys- 
tem for  the  Study  of  Law ;  What  it  is.  and  its  Bearing  on  En- 
gineering Education."  Professor  A.  H.  Fuller  presented  the 
report  of  Committee  Xo.  15,  Civil  Engineering,  followed  by 
the  paper  on  "Effect  of  the  "War  on  Engineering  Education" 
by  Dean  Anson  Marston. 

The  Committee  appointed  by  the  Council  to  consider  the 
desirability  of  encouraging  the  formation  of  sections  in  the 
Society  reported  as  follows : 

1.  That  the  Society  authorize  and  encourage  the  formation 
of  sections  in  cities,  states  or  other  geographic  divisions. 

2.  The  objects  of  these  sections  are  to  advance  the  ideals  and 
standards  of  engineering  education  and  to  increase  interest 
in  the  activities  of  the  S.  P.  E.  E. 

3.  Sections  may  be  formed  in  any  locality  by  temporary 
organizations  which  shall  become  duly  authorized  sections  of 
the  S.  P.  E.  E.  upon  approval  by  the  Council. 

4.  Sections  shall  not  expend  any  of  the  Society's  funds; 
they  shall  be  self  supporting. 

(signed)     J.  T.  Faig. 

W.   E.   MOTT. 

A.  A.  Potter,  Chairman. 
This  report  was  favorably  acted  upon  by  the  Society. 
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Third  Session. 

The  meeting  was  called  to  order  by  President  Hayford  at 
2:00  P.M.  Col.  F.  J.  Morrow  read  a  paper  on  "Military 
Training  in  Engineering  Schools."  In  the  absence  of  Presi- 
dent Charles  S.  Howe,  Chairman  of  the  Committee  of  this  So- 
ciety to  cooperate  with  the  Committee  on  Education  and 
Special  Training  in  this  work,  the  Secretary  read  the  report 
of  this  committee.  It  was  regularly  moved  and  carried  that 
this  Committee  be  enlarged  by  the  addition  of  two  more  mem- 
bers and  that  they  meet  with  the  Committee  on  Education  and 
Special  Training  in  Washington,  Monday,  June  30,  1919. 

Major  Harrison  Tilghman  read  a  paper  on  "The  Coast 
Artillery  and  the  Reserve  Officers  Training  Corps."  The 
following  resolution  was  unanimously  adopted.  A  motion 
that  this  Society  present  to  Colonal  Morrow  and  to  Major 
Tilghman  and  the  other  officers  present  a  vote  of  thanks  and 
high  appreciation  for  the  papers  and  the  information  that  they 
had  given,  and  that  we  express  through  them  to  the  War  De- 
partment the  purpose  of  the  engineering  schools  of  this  coun- 
try to  do  all  they  can  to  back  up  the  movement  for  insuring^ 
the  preparedness  of  America  in  case  of  future  difficulties. 

Dean  E.  F,  Coddiugton  read  the  report  of  Committee  No.  S, 
Admission;  the  Secretary  read  the  report  of  Committee  No. 
11-A,  Physics,  in  the  absence  of  the  chairman,  Professor  G. 
W.  Stewart.  Professor  C.  W.  Park,  Miss  Sada  A.  Harbarger 
and  Professor  J.  Raleigh  Nelson  presented  the  report  of  Com- 
mittee No.  12,  English.  The  paper,  "The  Unconscious  Pla- 
giarist," by  G.  I.  Mitchell,  was  read  by  title.  Professor  0.  A. 
Leutwiler  presented  the  report  of  Committee  No.  16,  Mechan- 
ical Engineering.  Professor  George  W.  Case  presented  an 
illustrated  paper  on  "Teaching  Safety  in  Engineering 
Schools." 

The  report  of  Committee  No.  17,  Electrical  Engineering, 
was  read  by  title.  Professor  F.  W.  Sperr  presented  the  report 
of  Committee  No.  18,  Mining  Engineering,  and  President  John 
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T.  Faig  presented  tlie  report  of  Committee  No.  20,  Standard- 
ization of  Technical  Nomenclature. 


Friday,  June  27. 


Fourth  Session. 

The  meeting  was  called  to  order  at  9 :  30  with  President 
Hayford  in  the  chair.  Past-President  George  R.  Chatburn 
presented  a  paper,  "  The  Society  for  the  Promotion  of  Engi- 
neering Education.  A  Survey  of  its  Past  and  a  Reconnaissance 
of  its  Future."  Dean  E.  0.  Leuschner  read  his  paper  on 
*'  Degrees,"  which  lead  to  the  motion  that  a  committee  of  five 
be  appointed  to  make  a  study  of  degrees. 

Excursions. 


Saturday,  June  28. 


Fifth  Session. 

The  meeting  was  called  to  order  by  President  Hayford  at 
"9:00  A.M.  Professor  Edward  J.  Kunze  presented  a  paper, 
^'The  Vitalizing  Principles  in  Education."  In  the  absence 
of  Professor  0.  J.  Ferguson,  his  paper,  '*  Vocational  Correla- 
tion," was  read  by  title.  The  treasurer,  Mr.  W.  0.  Wiley, 
presented  his  report  which  upon  motion  was  accepted.  The 
secretary  presented  his  report  and  upon  motion  it  was  ac- 
cepted and  to  be  printed  in  the  Proceedings  as  read. 

The  Committee  on  Resolutions  reported  as  follows: 

Whereas,  the  investigations  resulting  in  the  report  by  Dr. 
C.  R.  Mann,  entitled  "  A  Study  of  Engineering  Education," 
constitute  a  most  valuable  contribution  to  the  work  which  it  is 
the  object  of  this  Society  to  promote,  therefore,  be  it 
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Resolved,  that  the  thanks  of  this  Society  are  due  the  Car- 
negie Foundation  for  the  AdTaneement  of  Teaching  for  its 
generosity  in  providing  the  means  of  carrying  on  the  investi- 
gations and  publishing  the  report;  to  the  president  and  di- 
rectors of  the  Foundation  for  their  personal  interest  and 
cooperation ;  and  to  Dr.  Mann  for  his  masterly  and  compre- 
hensive treatment  of  the  subjects  considered ;  and  further  be  it 

Resolved,  that  this  Society  expresses  its  appreciation  of 
the  assistance  of  the  other  national  societies  represented  on 
the  Joint  Committee  for  the  prosecution  of  this  work,  namely, 
the  American  Society  of  Civil  Engineers,  the  American  So- 
ciety of  Mechanical  Engineers,  the  American  Institute  of 
Electrical  Engineers,  the  American  Chemical  Society,  the 
American  Institute  of  Chemical  Engineers,  and  the  American 
Institute  of  Mining  Engineers,  and  further  be  it 

Resolved,  that  the  Secretary  of  this  Society  transmit  to  the 
above  organizations  and  to  Mr.  Andrew  Carnegie  copies  of 
these  resolutions. 

Resolved,  that  the  cordial  thanks  of  the  Society  be  ex- 
tended to  the  President,  the  members  of  the  several  local 
committees,  and  the  ladies  of  The  Johns  Hopkins  University 
for  the  hearty  welcome  and  courteous  and  kindly  treatment 
which  have  been  accorded  the  members  of  the  Society ;  and  for 
the  use  of  the  buildings  and  accommodations  which  have  been 
such  a  factor  in  making  this  meeting  so  pleasant  and  prof- 
itable ;  further  be  it 

Resolved,  that  the  Secretary  be  instructed  to  convey  to  the 
officers  of  the  Baltimore  Country  Club  the  appreciation  of  the 
Society  for  their  hospitality  in  extending  the  courtesies  of  the 
Club  ;  further  be  it 

Resolved,  that  the  thanks  of  the  Society  be  transmitted 
to  the  Superintendent  of  the  United  States  Naval  Academy 
for  the  entertainment  of  the  Society  at  Annapolis,  and  further 
be  it 

Resolved,  that  the  Society  thanks  those  officers  of  the  United 
States  Army  who,  in  the  pressure  of  official  duties,  took  the 
time  to  be  present  at  this  meeting,  in  order  to  furnish  infor- 
mation concerning  subjects  which  are  of  such  great  moment 
to  the  work  of  the  engineering  colleges  at  the  present  time. 

The  Nominating  Committee  reported  as  follows : 
For  officers  to  serve  one  year: 
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For  President:  Arthur  M.  Greene.  Jr.,  Rensselaer  Polytech- 
nic Institute. 

For  Vice-Presidents:  A.  A.  Potter.  Kansas  State  Agricul- 
tural College.  F.  P.  McKibbeu.  Union  College. 

For  Secretary:  F.  L.  Bishop,  University  of  Pittsburgh. 

For  Treasurer:  W.  0.  Wiley,  New  York  City. 

For  members  of  the  Council  to  serve  for  three  years:  H.  S. 
Boardman.  University  of  Maine ;  F.  C.  Bolton,  Agricultural 
and  Mechanical  College  of  Texas;  E.  F.  Coddington.  The  Ohio 
State  University;  W.  H.  Kavanaugh,  University  of  Pennsyl- 
vania ;  C.  C.  More.  University  of  "Washington ;  E.  H.  Rock- 
well, Tufts  College ;  "W.  S.  Rodman,  University  of  Virginia. 

On  motion,  the  Secretary  was  instructed  to  cast  a  unanimous 
ballot  in  favor  of  all  the  above  candidates. 

President  Ira  X.  Hollis  read  his  paper,  "Engineering  Col- 
leges and  their  Administration."'  The  resolution  proposed  in 
the  report  of  the  secretary  that  "a  standing  joint  committee 
should  be  provided  to  coordinate  the  educational  activities  of 
the  engineering  societies  with  this  Society,  thus  preventing 
useless  duplication  and  at  the  same  time  bringing  this  Society 
in  contact  in  the  best  possible  manner  with  technical  societies" 
was  adopted.  Dean  Gardner  C.  Anthony  read  his  paper, 
"The  New  Course  at  Tufts  College,"  followed  by  Dean  J.  R. 
Benton.  Dean  A.  A.  Potter,  Professor  J.  C.  Tracy,  Professor 
F.  C.  Bolton,  Major  C.  C.  More.  In  the  absence  of  Professor 
R.  M.  Bird,  the  Secretary  read  the  report  of  Committee  No. 
11-B,  Chemistry.  Professor  0.  H.  Basquin  presented  the 
report  of  Committee  No.  13.  Mechanics  and  Hydraulics,  and 
Professor  C.  C.  Williams  the  report  of  Committee  No.  14, 
Economics.  Professor  Collins  P.  Bliss  presented  his  paper, 
"Visual  Industrial  Course."  President  Hayford  introduced 
the  new  president.  Arthur  M.  Greene,  Jr.,  who  graciously  ac- 
cepted the  oflfice.    The  convention  then  adjourned  sine  die. 
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MINUTES  OF  COUNCIL  MEETINGS  HELD 
JUNE  25,  26  AND  28,  1919. 

Meetings  of  the  Council  were  held  on  June  25,  26  and  28. 
Members  who  attended  one  or  more  meetings  were:  C.  F. 
Allen,  Gardner  C.  Anthony,  F.  L.  Bishop,  A.  H.  Blanchard, 
Wm.  Hand  Browne.  George  R.  Chatburu.  John  T.  Faig,  John 
F.  Hayford,  Dugald  C.  Jackson.  0.  A.  Leutwiler,  Wm.  T. 
Magruder,  W.  E.  Mott.  E.  J.  McCaustland,  F.  W.  McXair,  J. 
Raleigh  Nelson,  A.  A.  Potter,  T.  U.  Tavlor,  C.  J.  Tilden  and 
W.  0.  Wiley. 

The  motions  passed  were  as  follows  : 

1.  That  the  invitation  of  the  St.  Louis  Chamber  of  Com- 
merce to  hold  the  next  meeting  of  the  Society  in  St.  Louis  on 
May  24  to  27,  1920,  not  be  accepted  due  to  the  fact  that  the 
time  set  is  impracticable  for  the  majority  of  institutions. 

2.  That  the  Secretary  investigate  the  subject  of  associate 
editors  in  connection  with  the  Bulletin  of  the  Society,  and 
report  at  the  next  meeting. 

3.  That  it  is  the  policy  of  the  Society  that  only  members  of 
the  Society  be  appointed  to  serve  on  committees. 

4.  That  a  committee  of  Council  be  appointed  to  take  up  the 
subjects  of  sections  in  the  Society  and  report.  This  committee 
reported  as  follows : 

The  Committee  appointed  by  the  Council  to  consider  the  de- 
sirability of  encouraging  the  formation  of  sections,  begs  to 
report  as  follows: 

1.  That  the  Society  authorize  and  encourage  the  formation 
of  sections  in  cities,  states  or  other  geographic  divisions. 

2.  The  objects  of  these  sections  are  to  advance  the  ideals 
and  standards  of  engineering  education  and  to  increase  in- 
terest in  the  activities  of  the  Society  for  the  Promotion  of 
Engineering  Education. 

3.  Sections  may  be  formed  in  any  locality  by  temporary 
organizations  which  shall  become  duly  authorized  sections  of 
the  Society  for  the  Promotion  of  Engineering  Education  upon 
approval  by  the  Council. 
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4.  Sections  shall  not  expend  any  of  the  Society's  funds; 
they  shall  be  self-supporting. 

Respeetfullv  submitted, 

J.  T.  Faig, 

W.    E.    MOTT. 
A.    A.    POTTEP 

This  report  was  presented  to  the  members  at  the  meeting 
Thursday  and  adopted. 

5.  That  the  institutional  delegate  from  each  institution  be 
appointed  by  the  Council  as  a  special  delegate  from  his  insti- 
tution to  see  to  the  increase  of  membership  during  the  coming 
year. 

6.  That  the  Council  appoint  and  request  a  member  from 
each  institution  having  members  in  the  Society,  to  see  to  the 
increase  of  membership  during  the  coming  year. 

7.  That  the  next  meeting  of  the  Society  be  held  in  an  insti- 
tution in  the  Middle  West  in  June,  the  place  to  be  decided  by 
the  Council. 

8.  That  three  members  of  the  Society  be  elected  to  represent 
the  Society  on  the  American  Council  on  Education.  The  fol- 
lowing were  elected : 

C.  R.  Mann,  to  serve  for  one  year; 
F.  W.  McXair,  to  serve  for  two  years ; 
F.  L.  Bishop,  to  serve  for  three  years. 

9.  That  a  committee  be  appointed  to  study  the  bill  relating 
to  the  loaning  of  equipment  owned  by  the  War  Department 
to  educational  institutions  and  report  to  the  Council.  The 
following  resolution  was  presented  and  upon  motion  adopted 
and  the  Secretary  instructed  to  send  a  copy  to  the  author,  Mr. 
Caldwell,  who  introduced  H.  R.  3142  into  the  66th  Congress, 
May  26,  1919 : 

The  Council  of  the  Society  for  the  Promotion  of  Engineer- 
ing Education  believes  it  desirable  that  machine  tools  and 
scientific  equipment  owned  by  the  War  Department,  not  in 
use  for  Government  purposes,  be  used  for  increasing  the  edu- 
cational facilities  of  trade  and  technical  schools,  colleges  and 
universities.     It  believes  also  that  such  tools  and  equipment 
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can  be  made  most  useful  by  outright  sale  to  the  institutions  at 
nominal  prices,  instead  of  by  loans,  for  the  reason  that  loans 
will  introduce  administrative  difficulties  on  the  part  of  the 
Government  and  institutions,  which  will  place  an  unnecessary 
financial  burden  on  both.  Institutions  obtaining  machine  tools 
and  scientific  equipment  from  the  Government  at  nominal 
prices  should  obligate  themselves  not  to  sell  these  for  a  period 
of  at  least  seven  years  from  date  of  sale. 

(signed)     Dugald  C.  Jackson, 
A.  A.  Potter, 
E.  J.  McCausland, 
J.  T.  Faig. 

10.  That  the  report  of  the  treasurer  be  accepted  and  recom- 
mended to  the  meeting  for  adoption. 

11.  Following  the  recommendation  of  the  Treasurer,  Mr. 
"Wiley,  the  following  action  was  taken : 

That  the  Secretary's  office  take  over  the  collection  of  dues 
this  year,  and  the  other  recommendations  from  Mr.  Wiley  be 
carried  out  as  soon  as  possible. 

12.  The  following  applicants  were  recommended  to  the  So- 
ciety for  election : 

Abbott,   Robinson ;   Baker,   Ray   Palmer ;   Burbank,    Colby 
Lewis ;  Frey,  George  John ;  Gregg,  John  M. ;  Hill,  A.  S. ;  Jen- 
kins, A.  L. ;  June,  Henry  Norton  ;  Mann,  Horace  Tharp  ;  Rey- 
bold,    Eugene ;    Roberts,    Emerson ;    Seavey,    Frank    Elias 
Shank,  Jacob  Ralph ;  Sheehan,  Thomas  W. ;  Thurston,  L.  L. 
Tilghman,   Harrison ;   Watt,   Homer  A. ;  Weaver,   Rudolph 
Williams,  J.  P.  J. ;  The  Harvard  Engineering  School,  Har- 
vard University,  Cambridge,  Mass. ;  The  University  of  Texas, 
Austin,  Tex. 

13.  The  following  budget  of  income  and  expense  for  the 
coming  year  was  reported  by  the  Executive  Committee  and 
adopted  by  the  Council : 

Estimated  Eeceipts. 

From  current  dues,  individual $5,252.00 

From  current  dues,  institutional   700.00 
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From  back  dues 700.00 

From  adrertisiiig 1,000.00 

From  sale  of  publications   250.00 


Estimated  receipts  $7,902.00 

EsTtSIATED  EXPEXSE. 

A.  Baltimore  meeting    (1919)    $300.00 

B.  Proceedings,  VoL  27 1,200.00 

C.  ExGiXEERiXG  Educatiox,  Vol.  X l,6Ct0.00 

D.  Committee  Expenses 150.00 

E.  Treasurer 's  honorarium   300.00 

F.  Secretary  "s  honorarium 1,000.00 

H.  Clerical  assistant   1,200.00 

I.  Sundry  printing 250.00 

J.  Postage  and  expressage 275.00 

K.  Telephone  and  telegraph 50.00 

F.  Office  supplies   125.00           $6,450.00 


Estimated  surplus   $1,452.00 

The  Officers  elected  for  1919-20  are : 

President:  Arthur  M.  Greene.  Jr..  Rensselaer  Polytechnic 
Institute,  Troy,  X.  Y. 

y ice-Presidents :  A.  A.  Potter.  Kansas  State  Agricultural 
College,  Manhattan,  Kans. :  F.  P.  McKibben.  Union  College, 
Schenectady,  X.  Y. 

Treasurer:  T\'.  0.  Wiley,  432  Fourth  Avenue,  Xew  York, 
X.  Y. 

Secretary:  F.  L.  Bishop,  University  of  Pittsburgh.  Pitts- 
burgh, Pa. 

Members  of  the  Council  to  serve  for  three  years  {1919- 
1922) :  H.  S.  Boardman.  University  of  Maine.  Orono,  Me. 
F.  C.  Bolton.  A.  &  M.  College  of  Texas,  College  Station.  Tex. 
E.  F.  Coddington,  The  Ohio  State  University,  Columbus.  0. 
W.  H.  Kavanaugh.  University  of  Pennsylvania.  Philadelphia 
Pa.;  C.  C.  More,  University  of  Washington.  Seattle,  Wash. 
E.  H.  Rockwell,  Tufts  CoUege,  Tufts  College,  Mass.;  W.  S 
Rodman,  University  of  Virginia,  University,  Va. 
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TREASURER'S  REPORT. 

JuxE,  1919. 
Receipts: 

Cash  on  hand,  June.  1918   $1,536.92 

Received  from  back  dues   $878.64 

Eeceived  from  current  dues  ■4,515.42 

Keceived  from  other  sources   1,091.12         $6,485.18 


Total  Beceipts   $8,022.10 

Disbursements : 

Annual  Meeting,  1918 $426.89 

Bulletin    15.00 

Committee    expenses    114.60 

Treasurer  "s  office 330.66 

Secretary 's  honorarium    626.95 

Secretary  's  clerical  assistance  1,190.00 

Sundry  printing 146.86 

Postage  and  expressage   296.90 

Telephones  and  telegrams   29.79 

Office   sundries    61.02 

University  of  Pittsburgh  (voucher  not  returned)  34.87 

Accounts  payable,  Jime,  1918   3,671.55 

A.  S.  if.  E.  (Elmer  Bark)   15.00         $6,960.09 


Balance  on  hand $1,062.01 

Assets  : 

Accounts  Receivable: 

Current  dues  $1,581.50 

Back  dues   2,746.72 

Institutional — 

Current  dues   110.00 

Back  dues   92.50 

Members  and  non-members   548.37 

At  Dr.  Bishop  "s  office 38.94 

Total  accounts  receivable  $5,118.03 

Inventory $2,546.00 

Cash— Lincoln  Trust  Co 614.75 

Cash — Life  Membership  Fund   447.26 

Cash— Dr.  Bishop 's  office 150.00 

Total   assets    $8,876.04 

Liabilities: 

Members  paid  in  advance   $349.85 

Due  Dr.  Bishop   (honorarium)    373.05 

Xew  Era  Printing  Co 3,393.01 

Albert  E.  P.  Kerr  Co 293.50 

Total  liabUities    $4,409.41 
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REPORT  OF  SECRETARY. 

The  Society  for  the  Promotion  of  Engineering  Education 
has  with  other  organizations  had  its  trials  and  tribulations 
during  the  period  of  the  war.  The  Society  rendered  distinct 
service  in  various  ways  which  the  Secretary  will  not  dwell 
upon  in  this  report.  However,  one  of  the  features  should  be 
mentioned  and  that  is  the  special  meeting  held  at  Boston. 
December  6  and  7,  1918.  When  the  British  Educational 
Mission  was  invited  to  this  country  by  the  Council  of  National 
Defense,  its  entertainment  was  turned  over  to  the  American 
Council  on  Education  by  the  State  Department  and  the 
Council  of  National  Defense. 

In  connection  ^\-ith  its  entertainment,  the  Society  was  asked 
to  hold  a  meeting  in  some  suitable  place  preferably  Boston, 
in  connection  with  their  meeting.  The  time  and  place  of  the 
meeting  and  the  general  topics  of  the  program  were  selected 
by  the  Committee  of  the  American  Council  on  Education 
which  had  charge  of  the  entertainment  of  the  British  delega- 
tion. The  Program  Committee  of  the  Society  arranged  the 
program  along  these  lines  and  conducted  the  meeting.  This 
meeting  was  well  attended.  The  papers  and  discussions  were 
published  m  the  Bulletin  of  the  Society.  These  papers  have 
brought  fourth  many  words*  of  commendation  from  educators 
and  others. 

There  are  1,444  individual  and  69  institutional  members  of 
the  Society.  During  the  past  year  90  members  were  added. 
4  institutional,  and  91  members  resigned  or  were  dropped  for 
non-payment  of  dues.  This  cleans  up  the  membership  list  in 
a  verj'  satisfactory  way.  It  will  not  be  necessary  to  drop 
hardly  any  for  the  non-payment  of  dues  this  next  year. 
About  75  members  who  were  in  the  service  took  advantage  of 
the  regulation  of  the  Society  which  permitted  the  suspension 
of  their  dues  during  the  period  of  active  service. 

The  Secretary's  oflBce  conducted  a  campaign  for  new  mem- 
bers starting  in.  the  fall  of  1918  when  letters  were  sent  to 
members  asking  the  names  of  individuals  who  might  be  inter- 
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ested  in  joining  the  Society.  About  1.500  names  were  re- 
ceived in  this  manner.  Letters  and  circulars  were  sent  to  the 
Qiembers  of  the  Council  asking  each  one  to  secure  at  least 
one  new  ^nember.  Bv  this  process,  26  members  have  been 
added  to  the  Society.  The  Secretary  believes  that  during  the 
coming  year  the  membership  should  be  increased  by  125  to  150. 

Due  to  the  increased  cost  of  paper  and  labor  Engineering 
Education,  the  Bulletin  of  the  Society,  has  cost  about  $600 
jnore  during  the  present  year  than  was  estimated.  Part  of 
this,  of  course,  will  be  credited  to  next  year's  volume  of 
Proceedi^tgs.  It  was  found  impossible  to  issue  either  the 
Bulletin  of  the  Proceedixgs  on  time  up  to  the  very  last 
numbers,  because  of  the  Xew  Era  Printing  Company  being 
closed  on  account  of  influenza. 

The  Secretary's  office  has  received  numerous  requests  dur- 
ing the  past  year  to  suggest  names  of  men  for  different  teach- 
ing positions.  A  considerable  list  of  names  available  is  always 
on  hand. 

The  cooperation  between  the  Treasurer's  and  Secretary's 
offices  has  been  developed  and  the  Secretary  sent  out  letters 
to  delinquents  with  fairly  satisfactory  results.  This  work  can 
be  pushed  during  the  coming  year.  It  is  believed  that  a 
larger  per  cent,  of  current  dues  has  been  collected  this  year 
than  any  previous  year. 

The  Society  has  been  represented  on  the  American  Council 
on  Education  by  President  F  TV.  McXair,  Dr.  C.  R.  Mann 
and  the  Secretary.  A  Committee  consisting  of  Presidents 
C.  S.  Howe,  Dean  C.  Russ  Richards,  Professor  F.  P.  Mc- 
Kibben,  Dean  A.  E.  Burton,  and  Dean  F.  L.  Bishop  was  ap- 
pointed to  cooperate  with  the  Committee  on  Education  Eind 
Special  Training  of  the  War  Department  in  connection  with 
the  establishment  of  the  R.  0.  T.  C.  in  engineering  schools. 

Dean  "W.  E.  ^lott,  of  the  Carnegie  Institute  of  Technology, 
represented  the  Society  at  the  conference  called  by  the  Bu- 
reau of  Education  on  commercial  education. 

The  committee  work  of  the  Society  was  taken  up  with  re- 
newed interest  bv  all  committees  in  Jauuarv  and  almost  with- 
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out  exception  the  committees  have  been  doing  excellent  work. 
The  Secretary'  believes  that  this  is  an  important  work  of  tlie 
Society  since  it  provides  continuous  effort  of  the  Society  along 
various  definite  lines.  Results  in  education  can  be  obtained 
only  bj-  continuous  efforts  in  systematic  way  and  these  stand- 
ing committees  of  the  Society  provided  that  for  various  phases 
of  engineering  education. 

The  report  of  the  Joint  Committee  on  Engineering  Educa- 
tion was  during  the  past  year,  placed  in  the  hands  of  all 
members  of  the  Society  and  has  been  the  subject  of  discussion 
at  this  meeting.  This  illustrates  one  phase  of  work  in  the 
matter  of  cooperation  with  other  engineering  societies.  The 
Secretary  believes  that  a  standing  joint  committee  should  be 
provided  to  coordinate  the  educational  activities  of  the  engi- 
neering societies  with  this  Society  thus  preventing  useless 
duplication  and  at  the  same  time  bringing  this  Society  in 
contact  in  the  best  possible  manner  with  technical  societies. 
Those  of  us  who  have  been  members  of  educational  committees 
of  technical  engineering  societies  know  how  hard  it  is  to  secure 
results  that  are  at  all  satisfactory. 

The  Secretary's  office  has  received  during  the  past  year  a 
considerable  number  of  inquiries  from  foreign  countries  rela- 
tive to  engineering  education  and  the  work  of  this  Society. 
These  are  in  addition  to  the  very  large  number  of  inquiries 
received  from  individual  and  educational  institutions  in  this 
country.  It  might  be  interesting  to  note  that  the  Secretary's 
office  during  the  past  year  has  placed  something  over  8,500 
pieces  of  first-  and  second-class  matter  in  the  mail. 


ADDRESS  OF  WELCOME. 

BY  FEANK  J.  GOODNOW, 

The  Jolms  Hopkins  University.  , 

It  gives  me  great  pleasure  to  avail  myself  of  the  privilege 
which  is  mine  as  representing  the  Johns  Hopkins  University 
to  welcome  the  members  of  the  Society  for  the  Promotion  of 
Engineering  Education  at  their  meeting  on  this  occasion. 
The  university  esteems  it  an  honor  that  you  have  accepted 
our  invitation  to  carry  on  your  deliberations  within  our 
halls.  Our  feeling  of  gratification  is  due  to  two  considera- 
tions. In  the  first  place  we  feel  pleased  that  you  are  here. 
In  the  second  place  we  congratulate  ourselves  that,  although 
we  have  perhaps  the  youngest  engineering  school  in  the 
country,  you  have  been  willing  to  welcome  this  infant,  so  to 
speak,  among  the  ranks  of  mature  men.  "We  feel  sure  that 
we  shall  profit  greatly  as  we  listen  to  the  words  which  you 
will  utter,  based  as  they  will  be,  on  your  long  experience  in 
the  field  which  we  all  are  cultivating. 

I  feel,  however,  that  my  words  of  welcome  "should  be  ac- 
companied by  an  apology,  perhaps,  I  should  say  apologies. 
For  as  I  see  it  two  apologies  are  due.  One,  an  institutional 
apology.     The  other,  a  personal  apology. 

I  have  referred  to  the  youth  of  our  engineering  school. 
Now  youth,  whatever  may  be  the  advantages,  which  are  its 
incident,  is  subject  to  certain  disadvantages.  Our  institu- 
tional youthfulness  consists  not  merely  in  the  recent  estab- 
lishment of  our  school  but  as  well  in  the  fact  that  the  uni- 
versity, of  which  the  school  is  a  part,  has  been  located  at  its 
present  site  for  only  a  very  short  time.  "We  have  had  neither 
the  time  nor  unfortunately  the  money  necessary  to  put  our 
physical  environment  into  a  condition  which  permits  us  to 
offer  to  you  the  kind  of  hospitality  which  you  deserve.     We 
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have  no  dormitories  in  which  we  can  give  you  accommodation 
nor  a  commons  in  which  the  material  wants  of  the  inner  man 
can  be  satisfied.  We  must  perforce  ask  you  to  make  a  some- 
what long  journey  from  your  hotels  to  Homewood,  and  to 
pick  up  a  hasty  lunch  in  the  midst  of  the  machinery  with 
which  your  work  days  are  perhaps  too  familiar. 

"When  I  think  of  what  we  can  offer  you  I  am  somewhat 
amazed  at  our  audacity  in  inviting  you  to  hold  your  meeting 
here.  I  fear  indeed  that  had  you  known  our  conditions  you 
would  have  hesitated  somewhat  before  consenting  to  come. 

But  we  are  glad  to  have  you  with  us  and  I  hope  that  your 
meeting  will  be  successful,  profitable,  and  interesting. 

I  have  said  I  owed  3'ou  a  personal  as  well  as  an  institutional 
apology.  That  apology  is  due  for  what  I  am  going  to  say 
apart  from  these  few  words  of  welcome.  It  has  been  my  fate 
to  be  president  of  an  institution  which  pays  comparatively 
little  attention  to  those  branches  of  study  with  which  my  past 
work  has  made  me  familiar.  A  lawyer  I  have  been  for  the 
past  five  years,  connected  with  an  institution  which  has  no 
law  school.  With  little,  if  any  knowledge,  of  science  or  the 
mechanical  arts  I  have  been  obliged  to  concern  myself  with 
questions  to  whose  solution  I  have  been  able  to  contribute  but 
little.  You  can  well  imagine  that  during  the  past  five  years 
I  have  had  to  submit  myself  to  a  process  of  education. 

So  when  it  becomes  my  privilege  to  address  the  Society  for 
the  Promotion  of  Engineering  Education,  and  when  I  realize 
that  I  am  venturing  to  say  something  on  the  subject  which 
specially  concerns  that  society  I  am  reminded  of  a  story  I 
heard  the  other  day  of  a  university  president  who  had  been 
long  in  the  harness  and  who  knew  pretty  well  what  was  to  be 
expected  at  such  functions  as  university  presidential  inaugu- 
rations. He  was  in  a  train  en  route  for  one  of  these  cere- 
monies when  a  friend  saw  him  and  asked  him  where  he  was 
going.  His  reply  was  **0h,  I  am  going  to  hear  some  first 
thoughts  on  education."  When  I  recall  that  story  I  am 
conscious  of  the  fact  that  I  am  taking  perhaps  an  unjusti- 
fiable advantage  of  you  in  asking  you  to  listen  to  some  first 
thoughts  on  engineering  education. 
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My  only  excuse  for  making  this  demand  of  you  is  that 
largely  because  of  our  recent  experiences  educational  waters 
generally  are  stirring  and  I  feel  sure  that  the  waters  of  engi- 
neering education  are  no  exception  to  the  rule. 

Some  of  the  first  thoughts  on  this  subject  which  have  come 
to  me,  really  a  layman,  are  in  the  nature  of  queries  rather 
than  conclusions. 

The  most  important  as  it  seems  to  me  is  the  query: 

What  is  the  purpose  of  an  engineering  school?  Perhaps 
the  query  should  not  be  framed  this  way.  For  it  may  well 
be  that  there  is  no  such  thing  or  should  be  no  such  thing  as 
a  typical  engineering  school.  Perhaps  there  are  and  should 
be  different  types  of  these  schools.  If  this  is  the  case,  then  I 
suppose  the  query  should  be,  what  is  the  purpose  of  the  par- 
ticular school  with  which  we  happen  to  be  connected?  This 
query  it  seems  to  me  we  must  answer  before  we  can  reach 
any  really  valuable  conclusions  as  to  the  character  of  the 
engineering  education  which  we  should  endeavor  to  provide. 

As  I  have  come  to  see  it,  engineering  schools  in  general  or 
any  particular  school  may  have  one  of  three  purposes.  Per- 
haps, while  any  particular  school  may  emphasize  one  of  these 
purposes  it  may  have  the  other  purposes  as  well  in  mind. 

Now  these  purposes  as  they  outline  themselves  to  one  who 
comes  without  any  experience  and  with  very  little  knowledge 
to  consider  these  problems  are:  (1)  General  education  with 
emphasis  laid  on  scientific  subjects;  (2)  professional  train- 
ing; and   (3)   engineering  research. 

Some  schools  which  I  imagine  may  be  classed  as  engineer- 
ing schools  started  as  scientific  schools,  i.e.,  schools  in  which 
it  was  sought  to  give  a  general  education  through  the  study 
of  subjects  scientific  rather  than  literary  in  character.  Many 
schools  which  when  organized  were  schools  for  the  cultivation 
of  mechanic  arts  have  become  schools  devoted  to  general 
education  with  emphasis  laid  on  the  sciences  and  giving  little 
if  any  attention  to  classical  studies.  There  is  further,  little 
doubt  that  many  of  the  graduates  of  engineering  schools  do 
not  as  a  matter  of  fact  make  engineering  in  any  of  its  branches 
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their  profession,  while  it  is  also  true,  I  believe,  that  some 
eminent  engineers  never  had  an  academic  engineering  train- 
ing but  went  from  a  so-called  literary  college  into  the  prac- 
tical work  of  the  engineering  profession. 

Now,  if  the  purpose  of  engineering  education,  or  perhaps 
I  should  say  if  the  purpose  of  an  engineering  school  is  to  give 
its  students  a  general  education  which  will  be  of  benefit  to 
them  in  other  than  the  clearly  professional  ranks  of  life  the 
problems  which  present  themselves  are  very  similar  to  those 
presented  in  the  ordinary  college.  They  are  not  exclusively 
intellectual  but  are  as  well  moral  problems.  What  must  be 
sought  is  in  some  way  to  foster  the  building  up  of  character, 
the  cultivation  of  industry,  particularly  intellectual  honesty, 
the  capacity  to  evaluate  correctly  the  things  which  life  pre- 
sents and  the  ability  to  make  a  profitable  use  of  one's  leisure 
time.  If  the  scheme  is  to  be  successful  these  qualities  must 
be  developed  in  addition  to  the  acquisition  of  any  particular 
facility  or  any  particular  kind  of  information. 

If,  however,  the  primary  purpose  of  the  school  is  profes- 
sional training  I  imagine  few  of  us  would  be  willing  to  say 
that  a  bj'-product,  at  least,  of  the  school  should  not  consist 
of  the  qualities  which  I  have  mentioned.  I  have  used  the 
word  by-product  because  I  feel  that  no  set  of  subjects  of  in- 
struction can  claim  a  monopoly  in  the  production  of  these 
qualities.  Some  of  them  will  be  the  result  of  the  community 
life  which  the  students  live.  Some  will  be  due  to  the  per- 
sonal influence  of  the  instructor.  For  few,  if  any,  will  the 
subjects  studied  be  solely  responsible. 

But  assuming  that  the  qualities  which  should  be  the  result 
of  all  education  are  secured,  a  scheme  of  education  which 
emphasizes  professional  training  as  its  principal  purpose, 
must  seek  for  something  more.  What  that  something  more 
should  be  is  a  question  which  I  hesitate  to  attempt  to  answer, 
I  am  afraid  my  first  thoughts  are  not  sufficiently  definite  or 
not  sufficiently  based  on  experience  to  have  anj-  great  value. 
I  can  only  make  a  few  hesitating  suggestions  based  on  ex- 
perience in  other  fields.    There  is  always  great  danger  in  any 
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line  of  work  that  instruction  in  it  becomes  entirely  academic. 
The  instructor  is  always  apt,  particularly  if  his  life  is  encom- 
passed by  the  barriers  of  institutional  environment,  to  get 
out  of  touch  with  actual  life.  He  comes  to  live  in  a  world  of 
,his  own  and  of  his  immediate  fellows  which  is  quite  diiferent 
from  the  extra  institutional  world.  In  some  lines  of  work 
such  an  attitude  of  mind  may  not  be  accompanied  by  serious 
disadvantages  but  a  professional  school  whose  instructors  are 
of  this  character  tends  to  become  too  theoretical.  Its  instruc- 
tion easily  becomes  too  didactic.  Its  learning  becomes  almost 
purely  book  learning.  Its  graduates  find  when  they  enter 
real  life  that  they  have  much  both  to  learn  and  unlearn.  I 
imagine  the  history  of  engineering  education  will  show  not  a 
few  instances  of  this  tendency  towards  the  academic  and 
away  from  the  actual.  Certainly  this  has  been  true  of  many 
of  our  agricultural  colleges.  I  remember  one  case  decided  by 
one  of  our  state  courts  which  is  illustrative.  An  action  had 
been  brought  to  take  away  a  charter  from  an  agricultural 
college  because  of  the  fact  that  it  was  using  for  classical  in- 
struction money  given  for  the  teaching  of  agriculture.  The 
court  refused — courts  are  always  reluctant  to  forfeit  char- 
ters— to  take  away  the  charter  alleging  as  the  reason  for  its 
action  that  a  knowledge  of  Latin  and  Greek  would  assist  the 
would-be  agriculturalist  to  understand  agricultural  terms. 

The  same  problem  confronting  engineering  schools  which 
emphasize  professional  training  as  their  primary  purposes, 
has  also  confronted  the  professional  schools  of  law  and  medi- 
cine. Thirty  years  ago  instruction  in  these  schools  was  almost 
entirely  didactic.  In  the  law  schools  the  student  studied 
text-books  and  attended  formal  lectures.  He  seldom  read  a 
case.  In  medicine  conditions  were  almost  the  same.  The 
student  read  about  typhoid  fever  and  pneumonia  in  a  book 
or  heard  them  described  in  a  lecture.  He  seldom,  if  ever, 
saw  in  his  course  of  study  an  actual  case  of  a  person  afflicted 
with  these  diseases.  He  certainly  never  participated  in  the 
care  of  patients.  This  has  in  large  measure  been  changed. 
Law  students  read  and  discuss  actual  reported  cases  as  a  part 
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of  their  regular  course  of  instruction.  Medical  students  re- 
ceive what  is  called  bedside  instruction  in  hospitals  attached 
to  the  schools  they  attend. 

The  problem  of  the  professional  engineering  school  must 
be  solved  in  somewhat  the  same  way.  Laboratories  may  help 
but  they  will  not  be  sufficient.  For  laboratory  equipment 
soon  gets  out  of  date  and  with  the  resources  at  the  command 
of  most  schools  may  not  be  scrapped  and  replaced  by  some- 
thing new.  The  engineering  schools  will  have  to  devise  some 
contact  with  the  outside  world  which  will  make  their  instruc- 
tion real  and  prevent  it  from  becoming  merely  academic.  But 
that  contact  must  be  such  that  neither  the  instructor  nor  the 
student  gives  up  more  of  his  time  to  purely  routine  opera- 
tions and  processes  than  is  necessary  to  acquaint  him  with  the 
conditions  of  the  world  he  is  to  enter. 

Finally,  even  in  a  school  which  emphasizes  professional 
training  something  must  be  done  for  the  student  which  will 
help  him  in  his  life  outside  of  his  profession.  For  he  is  a 
man  and  a  citizen  as  well  as  an  engineer.  As  a  man  he  must 
live  a  life  which  has  many  other  than  professional  contacts. 
He  will  be  in  a  world  which  has  other  than  professional  inter- 
ests. To  get  the  greatest  profit  from  that  world  and  to  lead 
a  life  which  is  most  worth  while  he  must  some  time  during 
the  period  of  his  education  lay  the  basis  for  the  cultivation 
of  tastes  which  will  enable  him  to  enjoy  non-professional 
things.  As  a  citizen  he  must  participate  in  the  solution  of 
problems  which  democracies  must  solve.  It  is  true  that  the 
cobbler  must  stick  to  his  last  but  when  cobblers  are  called  as 
they  are  in  popular  governments  to  take  a  share  in  the  deter- 
mination of  policies  they  must  in  some  way  be  assisted  to 
reach  right  conclusions.  What  is  true  of  cobblers  is  even 
more  true  of  engineers.  For  engineering  may  be  regarded 
as  a  learned  profession  and  engineers  are  educated  men.  who 
may  properly  be  called  upon  to  share  the  leadership  which  is 
so  necessary  to  wise  political  action.  I  heard  the  other  day 
of  a  student  in  the  Students'  Army  Training  Corps  in  one  of 
our  leading  universities  who  was  asked  in  an  examination  the 
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name  of  the  people  who  inhabitated  Hungary.  His  answer 
was  the  "McGuires."  While  that  answer  revealed  the  fact 
that  the  man  had  a  basis  of  historical  and  political  knowledge, 
yet  that  knowledge  was  so  limited  and  imperfect  that  it  might 
lead  to  the  conclusion  that  he  had  mistaken  Hibernia  for 
Hungary.  • 

I  would  not  be  understood  as  asking  that  the  engineering 
student  should  be  expected  to  acquire  an  extensive  historical 
knowledge  during  his  undergraduate  course.  With  the  de- 
mands made  upon  him  by  his  strictly  professional  subjects 
such  an  expectation  would  be  doomed  to  disappointment. 
But  after  all  there  is  no  reason  why  engineers  should  not  be 
reasonably  cultivated  men.  And  for  the  average  man  the 
foundation  for  such  cultivation  as  he  is  successful  in  acquir- 
ing must  be  laid  in  his  college  course. 

One  of  the  difficulties  which  will  be  encountered  by  those 
who  try  to  lay  this  foundation  is  the  reluctance  which  the 
average  engineering  student  has  to  devote  himself  to  these 
non-professional  courses.  He  regards  them  both  as  useless 
and  uninteresting.  Perhaps  a  large  measure  of  blame  for 
his  attitude  must  be  laid  on  his  instructors.  Perhaps  if  a 
greater  attempt  were  made  to  make  these  courses  attractive- 
even  at  the  peril  of  having  them  regarded  by  the  student  as- 
" cinch"  courses  greater  success  would  attend  our  endeavors, 
to  coax  the  engineering  student  to  consider  of  value  the  non- 
professional work  which  in  his  own  interest  he  should  be  re- 
quired to  undertake. 

The  two  problems  which  would  appear  to  be  as  yet  unsolved 
in  the  schools  which  emphasize  professional  training  are  thus 
the  contact  with  the  outside  world  of  engineering  and  the 
cultivation  of  the  man  and  citizen  as  well  as  the  engineer. 

The  third  purpose  which  engineering  schools  in  general  or 
some  engineering  school  in  particular  may  emphasize  is  engi- 
neering research.  This  purpose  is  probably  the  most  difficult 
of  realization.  Research  in  pure  science  may  without  great 
difficulty  be  carried  on  within  academic  walls.  It,  of  course, 
involves  the  expenditure  of  large  sums  of  money  needed  for 
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the  equipment  of  laboratories  and  for  the  staff  to  which  the 
investigation  of  problems  is  intrusted,  but  experience  has 
shown  that  carrying  on  such  research  is  not  beyond  the  powers 
of  educational  institutions.  TVhen,  however,  we  come  to  the 
applications  of  science  conditions  along  many  lines  are  quite 
different.  The  laboratory  methods  which  suffice  for  pure  sci- 
entific research  are  often  ill  adapted  for  the  work  which  must 
be  done.  For  the  purpose  of  much  engineering  research  is 
not  so  much  the  ascertainment  of  scientific  truth  as  it  is  the 
determination  of  the  commercial  practicability  of  particular 
methods  of  quantity  production.  This  purpose  can  hardly 
be  realized  in  many  cases  in  any  laboratory  which  a  univer- 
sity may  be  expected  to  provide.  Engineering  research  must 
in  many  cases,  to  be  successfully  prosecuted,  be  carried  on  in 
the  factory  and  in  the  mill. 

There  are,  however,  unquestionably  many  problems  the 
solution  of  which  can  be  begun  in  an  engineering  laboratory. 
There  are  probably  some  the  solution  of  which  may  be  com- 
pleted there.  So  far  as  this  is  true  it  is  very  desirable  that 
an  engineering  school  should,  if  possible,  devote  some  of  its 
attention  to  their  solution.  For  the  student  who  thus  learns 
to  solve  problems  not  only  acquires  knowledge  about  his  pro- 
fession but  at  the  same  time  cultivates  a  mental  attitude  the 
possession  of  which  will  probably  be  of  greater  value  to  him 
than  the  mere  acquisition  of  knowledge.  "Work  of  this  char- 
acter is  even  more  valuable  to  the  instructor  than  to  the  stu- 
dent. Successful  accomplishment  in  this  direction  at  the 
same  time  stimulates  his  imagination  and  makes  him  a  more 
inspiring  teacher.  No  one  who  has  devoted  many  years  to 
teaching  can  fail  to  notice  the  deadening  influence  upon  his 
work  of  a  persistent  and  continuous  attention  to  what  is 
known  unaccompanied  by  some  striving  on  his  part  to  apply 
what  he  knows  to  the  discovery  of  something  that  is  unknown. 

It  may  well  be,  therefore,  that  the  most  successful  engineer- 
ing schools  will  be  ones  which  endeavor  on  the  one  hand  to  use 
the  subjects  which  they  are  called  upon  to  teach  as  subjects 
from  which  some  measure  of  general  education  can  be  ob- 
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tained  and  on  the  other  to  give  a  reasonably  adequate  pro- 
fessional training  with  which  will  be  combined  some  atten- 
tion to  research.  But  it  can  hardly,  be  expected  that  any 
school  can  hope  successfully  to  do  much  more  than  to  lay  the 
foundations  upon  which  the  student  must  subsequently  build. 
No  engineering  school,  any  more  than  a  college,  can  expect 
its  students  to  acquire  all  that  is  comprised  in  a  general  edu- 
cation. No  engineering  school,  even  if  it  devoted  itself  ex- 
clusively to  professional  training,  could  hope  to  turn  out  its 
graduates  finished  engineers.  Nor  could  it  if  it  gave  all  its 
time  to  engineering  research  hope  to  solve  all  the  problems 
which  arise  in  industry. 

So  it  seems  to  me  that  the  problem  at  the  basis  of  engineer- 
ing education  is  essentially  the  one  lying  at  the  foundation 
of  all  education,  which  can  be  carried  on  in  an  institution  more 
or  less  academic  in  character.  This  is  the  combination  of 
fundamentals,  a  reasonable  breadth  of  view  and  the  cultiva- 
tion of  the  capacity  to  solve  the  new  questions  which  are  con- 
tinuously presenting  themselves  in  every  line  of  work.  Such 
are  some  of  the  first  thoughts  on  engineering  education  which 
one  not  a  member  of  the  guild  ventures  to  present  for  your 
consideration  today. 


RESPONSE  TO  ADDRESS  OF  WELCOME. 

BY  JOHN  F.  HAYFORD, 
President  of  the  Society. 

]\Ir.  President,  we  thank  you  for  your  words  of  welcome. 
I  take  it  that  the  greatest  thing  a  host  can  do  is  to  make  his 
guests  feel  at  once  that  they  are  at  home.  By  your  action  in 
immediately  putting  yourself  on  our  level  and  starting  with  a 
discussion  of  the  problems  of  engineering  education  you  make 
us  feel  at  home,  and  you  make  us  feel  that  you  are  one  of  us 
and  are  glad  to  have  us  here. 

In  trying  to  decide  where  we  should  meet  we  fixed  upon 
Baltimore  and  Johns  Hopkins  practically  because  we  found  a 
meeting  point  here,  which  we  thought  combined  the  elements 
of  the  North  and  of  the  South.  "We  felt  that  here  in  Balti- 
more we  would  find  some  of  the  characteristics  of  the  South, 
of  its  warm  welcome  in  a  social  way,  and  we  hoped — and  this 
day  starts  with  the  fulfillment  of  the  hope — that  we  would 
get  some  of  the  cool  climate  of  the  North. 

Also  early  in  our  discussions  of  where  we  should  meet  it 
appeared  that  it  was  desirable  to  meet  near  Washington, 
because  it  was  expected  that  the  center  of  interest  in  many 
respects  would  still  be  Washington  at  this  time.  We  did  not 
want  to  be  in  Wa.shington,  with  the  distractions  that  are  there, 
and  Baltimore  fulfilled  the  prescription. 

This  Society  from  the  beginning  has  been  one  that  was 
always  looking  for  new  ideas.  It  is  quite  appropriate  then 
that  we  should  come  to  Johns  Hopkins,  the  birth  place  of  one 
of  the  great  new  ideas  of  American  university  education,  I 
am  referring  of  course  to  the  fact  that  Johns  Hopkins  is  the 
birthplace  of  the  research  idea  as  applied  to  American  uni- 
versities. Johns  Hopkins  did  its  work  so  well  in  starting  the 
research  idea  in  the  universities  in  the  United  States  that  the 

24 


EESPONSE.  25 

idea  has  spread  to  all  of  the  universities,  so  that  sometimes 
we  tend  perhaps  to  forget  that  Johns  Hopkins  started  that 
movement. 

You  referred  in  your  welcome  to  the  fact  that  you  have 
here  a  young  college  of  engineering.  That  is  another  reason 
why  this  was  the  proper  place  for  us  to  meet.  As  a  society 
for  the  promotion  of  engineering  education  we  should  extend 
a  welcoming  hand  to  young  colleges.  That  was  done  last  year 
at  Evanston,  perhaps  the  second  youngest,  and  this  year  we 
extend  a  helping  hand  to  Johns  Hopkins  College  of  Engineer- 
ing, as  perhaps  the  youngest. 

"We  are  here,  fellow  members  of  the  Society  for  the  Pro- 
motion of  Engineering  Education,  with  an  opportunity  to 
exchange  views  on  topics  connected  with  engineering  edu- 
cation. We  have  had  a  good  example  set  already  in  starting 
promptly  in  that  work.  For  the  next  three  or  four  days  we 
will  be  together.  How  well  we  will  succeed  in  the  mission  for 
which  we  came  here  depends  largely  upon  you.  If  we  suc- 
ceed, it  will  be  because  we  have  had  a  frank,  energetic  and 
earnest  discussion  of  the  problems  that  will  come  up  for  dis- 
cussion. The  success  we  have  will  depend  on  you  individ- 
ually. It  will  depend  largely  on  whether  you  make  your 
remarks  terse  and  to  the  point — the  point  which  then  happens 
to  be  under  discussion.  The  success  then  of  this  annual  meet- 
ing is  very  largely  in  your  hands.  We  have  met  with  one 
common  interest,  of  course,  to  do  what  we  can  to  develop 
ideas  that  will  help  in  improving  engineering  education.  Of 
course  we  have  come  with  many  diverse  opinions,  and  there- 
fore there  is  a  chance  for  lively  discussion,  and  I  hope  such 
discussion  will  be  forthcoming  throughout  all  of  these 
meetings. 


RESPONSE  OF  PRESIDENT-ELECT. 
PRESIDENT  A.  M.  GREEXE,  JR. 

Mr.  President  and  members  of  the  Society:  I  appreciate  the 
honor  of  being  elected  to  follow  in  the  footsteps  of  so  many 
great  engineers  and  engineering  educators  who  have  held  this 
office  during  the  past  twenty-five  or  twenty-six  years. 

"We  have  all  read  in  the  papers  of  the  bombs  which  have 
been  exploded  in  various  parts  of  the  country,  or  have  been 
placed  so  that  they  might  explode.  I  do  not  know  of  any 
which  was  a  greater  surprise  to  the  occupant  of  the  house  or 
to  the  supposed  occupant  of  the  house  than  the  action  of  the 
Nominating  Committee  this  morning. 

I  accept  this  nomination  and  election  because  I  believe  that 
when  there  is  a  duty  to  perform  I  should  perform  it.  But  I 
do  it  with  the  statement  to  you  that  I  do  not  think  the  action 
of  the  Committee  was  fair  to  those  who  have  served  in  other 
positions.  I  have  not  been  an  active  member  of  the  Society. 
There  are  many  here  today  who  have  served  faithful  and  well, 
and  I  think  the  honor  should  have  gone  to  them.  I  did  not 
know  of  this  nomination  before  the  report  was  read.  Were  it 
not  for  the  fact  that  it  would  have  been  very  ungracious  and 
might  have  upset  the  plans  of  the  Committee,  I  should  surely 
have  refused  the  nomination  and  election  when  this  report 
was  made. 

Perhaps  what  I  am  about  to  state  to  you  is  a  part  of  the 
politicians'  scheme.  The  man  who  serves  in  the  ward  and  in 
the  county  and  does  the  work  should  receive  the  honors,  and  I 
do  not  feel  that  the  Committee  has  acted  properly  in  nomi- 
nating me.  Of  course  you  gentlemen  could  not  have  done 
anything  else  than  accept  that  Committee's  report  and  have 
the  Secretary-  cast  the  ballot.    I  appreciate  that. 
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I  do  sar.  however,  that  during  my  year  as  President  of  this 
Society  I  shall  try  to  carry  on  the  work  of  the  past  president 
and  the  presidents  of  the  years  gone  by.  I  can  onlv  do  that 
however,  by  active  cooperation  from  you  and  cooperation  from 
the  Secretary,  which  I  know  I  shall  receive.  He  has  been  ac- 
tive m  all  the  work  of  the  Society.  The  president  is  to  be  vour 
servant  and  to  work  with  you. 

I  wish  to  express  to  you  my  appreciation  of  this  honor,  and 
i  will  try  to  do  my  best. 
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BY  JOHN  F.  HAYFORD. 

The  title  selected  for  this  address  is  purposely  non-com- 
mittal. "Reflections  of  an  S.  P.  E.  E.  President"  is  a  phrase 
that  may  be  interpreted,  with  a  mirror  in  mind,  as  meaning 
that  your  own  ideas  are  to  be  thrown  back  to  you.  The  ad- 
dress may  be  an  epitome  of  what  you  yourselves  have  thought 
and  said.  On  the  other  hand  the  Standard  Dictionary  says 
that  "Reflection  increases  wisdom."  In  that  sense  of  the 
word  when  an  intelligent  being  reflects  upon  what  he  observes 
or  hears,  the  statement  of  his  reflections  contains  something 
original.  The  Secretary  of  the  society,  its  mainspring  that 
keeps  the  works  going,  and  the  assistant  to  the  Secretary,  the 
hairspring  that  attends  to  each  separate  tick,  both  insisted 
many  weeks  ago  that  I  must  furnish  a  title  for  this  address. 
I  am  glad  I  made  it  non-committal. 

After  all,  it  is  of  little  importance  whether  my  reflections 
are  of  the  one  kind,  the  consensus  of  your  thoughts  put  into 
words,  or  of  the  other  kind,  original.  As  is  usual  with  the 
work  of  an  engineer,  it  is  relatively  immaterial  whether  it  is 
original  or  not.  It  is  all  important  that  it  be  right.  I  would 
like  to  help  toward  correct  conclusions. 

I  have  had  a  rare  opportunity  not  given  to  my  predeces- 
sors. I  have  presided  over  three  successive  meetings.  At 
Evanston  I  found  myself  acting  as  president,  without  pre- 
vious notice,  in  the  absence  of  President  Milo  S.  Ketchum,  and 
had  the  fun  of  delivering  his  excellent  presidential  address, — 
without  the  labor  of  preparing  it. 

At  Boston  I  found  myself  trying  to  bring  success  to  a  meet- 
ing of  which  the  keynote  and  general  plan  was  changed  after 
we  had  come  together,  by  the  fact  that  our  English  friends 
with  whom  we  were  called  to  consult,  could  not  stay  after  the 
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first  third  of  the  meeting.  Naturally  the  position  was  a  diffi- 
cult one. 

Here,  alas,  at  a  third  meeting  I  find  myself  in  a  difficult 
position.  I  must  again  deliver  a  presidential  address  and  if 
I  am  to  put  ideas  into  it  I  must  Ketchum  myself. 

I  thank  you  for  the  privilege  you  have  given  me  to  help 
the  S.  P.  E.  E.  for  a  year  as  its  president.  It  is  a  high  honor 
as  well  as  a  privilege  to  be  the  president  of  a  society  which 
was  "the  first,  and  for  many  years  the  only  society  for  the 
study  of  education  in  colleges"  in  the  United  States.^ 

I  thank  j^ou  for  your  kindliness  toward  me  during  the  diffi- 
cult year.  The  past  makes  me  feel  certain  that  your  kindli- 
ness will  persist  to  the  end  of  this  address  while  we  consider 
certain  topics  together. 

This  occasion,  the  Baltimore  meeting  of  the  S.  P.  E.  E.,  is 
unique  in  its  position  in  the  history  of  the  Society.  We  have 
just  come  out  of  a  war  which  has  educated  us  all.  The  war 
cultivated  the  best  that  was  in  us,  and  has  given  us  new  and 
greater  ideas  and  ideals, — that  is  education.  The  time  is 
favorable  for  readjustment  in  our  methods  in  our  colleges  as 
we  reestablish  our  student  group  and  our  teaching  staff  in 
each  institution.  We  have  just  been  favored  by  the  best  ob- 
jective view  of  colleges  and  engineering  that  has  ever  yet 
become  available,  the  complete  Joint  Committee  Eeport.  Note 
the  emphasis  on  the  word  "objective."  One  can  secure  sub- 
jective views  without  great  difficulty,  but  a  carefully  con- 
sidered objective  view,  such  as  the  Joint  Committee  Report, 
is  not  easily  secured.  We  have  it,  and  have  it  at  the  oppor- 
tune time. 

This  summer  with  the  educative  war  in  the  background, 
with  much  new  food  for  thought,  we  should  renew  our  faith 
and  our  vigor,  and  focus  our  new  knowledge  and  energy,  with 
new  enthusiasm,  on  the  new  tasks,  and  on  the  old  familiar 
tasks  that  lie  before  us.     We  should  hold  fast  to  that  which  is 

i"The  Study  of  Engineering  Education,"  prepared  for  the  Joint 
Committee  on  Engineering  Education,  by  C.  E.  Mann,  pages  101. 
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best  in  our  former  methods  and  add  new  good  things  gathered 
from  our  recent  experience. 

Engineering  is  the  foundation  of  our  present  civilization. 

Please  note  that  I  have  not  said  that  engineering  is  our 
present  civilization.  Civilization  is  the  whole  structure,  or 
perhaps  I  should  say  it  is  the  superstructure.  All  of  those 
things,  ideas,  ideals,  which  men  think  of  as  civilization,  are  in 
the  superstructure  which  could  not  have  been  built  so  large  or 
so  well  without  the  foundation,  engineering.  The  super- 
structure, civilization,  would  fall  if  it  were  not  for  the  solid 
foundation,  engineering, — applied  science. 

Look  at  any  part  of  the  world  where  there  is  but  little  engi- 
neering today,  as,  for  example,  the  interior  parts  of  Central 
America,  away  from  the  coasts  and  railroads,  the  interior  of 
South  America  or  the  interior  of  Africa.  In  those  places, 
life  is  for  most  men  a  struggle  for  the  bare  essentials  of  ex- 
istence, an  apathetic,  listless  struggle. 

In  sharp  contrast  to  this,  in  the  parts  of  the  earth  where 
engineering  is  most  highly  developed,  the  labor  cost  of  the 
bare  essentials  of  existence  is  greatly  reduced,  and  man  de- 
velops those  luxuries  which  are  closely  related  to  his  ci^dliza- 
tion.  He  has  it  in  his  power  to  get  the  bare  necessities  easily, 
in  short  hours.  He  turns  the  forces  of  nature  to  his  own  use 
and  convenience.  He  travels,  exchanges  ideas,  develops  his 
sense  of  beauty  and  of  duty,  lives  longer,  struggles  harder  to 
go  upward,  develops  a  literature,  develops  social  qualities, 
develops  a  religion  that  is  based  upon  other  foundations  than 
mystery  and  fear.  He  becomes  a  civilized  man.  having  the 
time  and  the  energy  to  do  so. 

Of  course,  the  foundation,  engineering,  may  be  used  to 
carry  some  other  superstructure  than  civilization.  The  Hun 
undertook  to  use  engineering  as  a  foundation  for  the  conquest 
of  the  world.  He  failed  because  the  Allies  were  able  to  use 
engineering  as  a  foundation  for  their  resistance. 

The  important  point  to  keep  in  mind  is  that  without  the 
foundation,  engineering,  man  does  not  have  the  time  or 
energy  to  develop  and  maintain  our  present  type  of  civiliza- 
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tion.  Without  the  engineering  he  cannot  have  the  civiliza- 
tion. With  it  he  has  the  possibility  of  becoming  civilized,  and 
history  shows  that  he  ordinarily  makes  much  progress  along 
that  line. 

The  engineer  who  knows,  and  feels,  that  engineering  is  the 
foundation  which  carries  the  superstructure,  our  present 
civilization,  which  is  something  higher  and  better  than  the 
foundation,  is  naturally  interested  in  that  superstructure. 
He  is  keen  to  adapt  his  foundation  to  the  superstructure. 
Naturally  he  is  keen  to  see  the  human  relations  of  his  work 
and  that  of  his  profession.  To  him  engineering  is  not  mere 
technique. 

Similarly  the  student  who  even  dimly  sees,  or  vaguely  feels, 
the  truth  that  engineering  is  the  foundation  of  our  present 
civilization  is  more  apt  than  others  to  be  permanently  well 
motivated.  He  is  less  apt  to  feel  that  engineering  is  merely 
technique  by  which  he  may  earn  his  way, — less  apt  to  be 
narrow  in  his  learning.  He  is  more  apt  to  have  an  impelling 
vision,  more  apt  to  have  an  interest  in  all  that  is  civilization, 
more  apt  to  see  in  the  profession  of  engineering  a  glorious 
chance  for  service  to  mankind. 

Let  us  not  forget,  even  in  the  heat  of  the  workday,  that 
engineering  is  the  foundation  of  our  present  civilization, — 
nor  allow  our  students  to  overlook  that  fact. 

Our  slogan  should  be,  education  for  service,  education  to 
bring  out  in  each  student  those  qualities  which  enable  him  to 
render  greater  service  to  mankind  and  to  equip  him  with 
mental,  moral  and  physical  abilities  for  such  service. 

Our  slogan  for  colleges  of  engineering  should  be,  let  us 
educate  men  for  service  as  engineers. 

If  we  adopt  this  slogan  with  the  proper  emphasis  on  the 
three  words,  men,  service,  engineers,  we  are  apt  to  remember 
that  each  man  is  an  organism,  not  a  machine,  that  he  con- 
tinues to  grow  and  change  long  after  graduation,  that  we  can 
not  hope  to  stock  him  in  college  with  all  the  ideas  and  skill 
he  will  have  later,  that  our  function  in  college  is  to  help 
vitalize  the  organism,  to  invigorate  its  growth,  to  start  it  in 


32  REFLECTIONS    OF    AX    S.    P.    E.    E.    PRESIDENT. 

adapting  itself  to  its  future  environment.  We  will  think  less 
perhaps  of  the  possible  condition  of  that  organism  during  the 
first  five  years  after  it  leaves  the  commencement  stage,  and 
much  more  of  the  way  it  will  be  functioning  in  the  whole 
period  of  forty  years  of  service. 

Against  such  a  background  I  ask  you  to  consider  with  me 
certain  of  our  present  oft-debated  questions. 

Which  should  receive  the  main  emphasis,  specialization  or 
general  education?  The  answer  is,  I  believe,  both,  alter- 
nately. The  most  effective  specialist  is  one  who  has  the  power 
and  the  ability  to  concentrate  his  mental  pressure  on  so  nar- 
row a  line  that  it  is  a  cutting  edge,  who  does  so  concentrate, 
and  who  at  the  same  time  keeps  so  broad  a  bearing  on  the 
world  that  his  cutting  edge  is  properly  guided.  The  special- 
ist who  renders  greatest  service  is  one  motivated  permanently 
by  a  broad  vision  while  his  attention  and  power  is  concen- 
trated on  specific  tasks  for  which  he  has  made  himself  the 
superior  of  others.  He  needs  a  broad  vision  to  motivate  him 
and  guide  him  to  the  service  most  worth  while.  The  man  who 
is  broadly  cultured,  and  nothing  more,  loses  his  cutting  edge, 
loses  his  power  to  concentrate,  fails  to  have  the  power  to  do 
the  specific  tasks  which  are  parts  of  his  service. 

It  has  been  said  in  our  S.  P.  E,  E.  group  that  all  general 
principles  are  built  upon  specific  instances  and  the  inference 
carried  that  therefore  specialization  is  the  important  thing. 
Others  emphasize  the  principles  as  all-important  and  seem, 
in  doing  so,  to  belittle  specific  problems  or  cases. 

Are  not  both  right?  Is  it  not  true  that  the  normal  pro- 
cedure of  the  effective,  alert  mind  is  to  alternate  between 
consideration  or  observation  of  specific  concrete  things  or 
ideas  on  the  one  hand  and  attempting  to  generalize  on  the 
basis  of  that  which  is  common  to  many  things  or  ideas  on  the 
other  hand?  Does  not  the  effective  thinker  normally  special- 
ize a  part  of  the  time  and  generalize  a  part  of  the  time? 
Should  not  specialization  and  generalization  both  receive 
emphasis  alternately  in  our  educational  procedure? 

Similarly,  there  are  those  who  advocate  strongly  the  pre- 


EEFLECTIOXS    OF    AX    S.    P.    E.    E.    PRESIDENT.  33 

sentation  of  theory  first, — practice,  concrete  examples,  labo- 
ratory work  later.  And  vice  versa,  there  are  those  who  ad- 
vocate always  taking  the  reverse  order,  the  observation  first 
and  the  theory  later.  Are  they  not  both  partly  wrong  and 
partly  right?  Does  not  the  man  proceed  normally  and  most 
effectively  by  alternating  the  two  in  rather  short  periods? 
He  who  really  observes  keenly  soon  begins  to  form  an  under- 
standing of  what  he  observes  and  develops  a  partial  theory. 
If  he  devotes  time  to  formulating  his  understanding,  to  mak- 
ing it  clear,  he  returns  to  his  observing  with  still  keener  in- 
sight, and  sees  still  more  that  must  also  be  studied  before 
being  understood.  Such  alternation  is  the  ideal  method.  As 
there  are  thousands  of  facts  always  at  hand  to  be  observed 
and  hundreds  only  among  these  thousands  that  carry  by  far 
the  greater  part  of  the  significance,  it  is  important  in  general 
to  have  one's  attention  focused  on  the  hundreds  by  close  at- 
tention to  theory,  to  a  true  understanding.  On  the  other 
hand,  the  theory  needs  always  to  be  held  in  cheek,  controlled, 
verified  or  destroyed  by  observation. 

I  believe  that  in  general  it  is  important  to  take  each  specific 
problem  ordinarily  from  the  theoretical  side  first,  to  sharpen 
the  wits  and  the  powers  of  observation,  and  then  to  observe 
and  thereby  test  the  theory,  and  possibly  start  a  new  train 
of  thought. 

I  have  been  one  of  three  who  have  spent  much  time  during 
the  war  developing  a  new  type  of  instrument.  The  problems 
encountered  were  exceedingly  difficult.  "We  worked  by  the 
method  I  have  just  outlined,  by  rapid  alternation  between 
theoretical  investigation  and  observation.  Our  desks  were  in 
the  laboratory  where  the  experiments  were  being  conducted. 
I  can  assure  you  that  one  who  writes  refined  theory  at  a  desk 
while  behind  him  in  the  same  room  are  others  who  are  testing 
the  crude  form  of  that  theory,  writes  with  a  care  and  keenness 
that  is  conducive  to  efficiency.  So  too  I  can  assure  you  that 
he  who  observes  under  these  conditions  with  the  knowledge 
that  if  he  has  watched  the  non-essentials  and  missed  the  sig- 
nificant that  a  developing  theory  will  soon  detect  his  lapse, — 
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he  who  so  observes,  observes  keenly.  The  method  of  rapid 
alternation  which  was  followed  with  the  prevailing  emphasis 
on  theory  first,  gave  a  rate  of  progress  which  it  is  now  evident 
was  much  more  rapid  than  could  possibly  have  been  made  by 
the  observation — ^first  method  of  procedure.  The  experience 
has  made  me  a  still  more  ardent  advocate  than  before  of  the 
method  of  rapid  alternations  with  the  emphasis  on  theory  first. 

I  am  convinced  that  intelligence  tests  have  immediate  value, 
even  now,  when  we  know  so  little  about  them.  I  feel  certain 
that  they  will  become  much  more  valuable  when  they  are 
better  understood.  This  statement  is  made  in  order  that  I 
may  be  understood  when  I  raise  a  question  on  one  point  in 
regard  to  such  tests  as  applied  to  students  of  engineering. 

It  is  strongly  advocated  that  certain  objective  tests,  which 
seem  to  me  to  be  essentially  vocational  tests,  should  be  used 
on  engineering  students.  We  are  probably  justified  in  being 
sceptical  on  this  point.  Engineering  is  not  a  narrow  vocation 
and  immediate  success  is  not  the  important  thing.  An  engi- 
neer, it  is  true,  like  all  men,  carries  a  routine  load  which  may 
be  specified  in  advance  in  some  cases.  But  after  all  the  val- 
uable part  in  an  engineer's  service  arises  from  his  ability  to 
see  and  solve  new  problems,  to  improve  design,  to  meet  the 
emergencies  of  operation,  to  put  better  methods  of  procedure 
in  the  place  of  the  usual  methods,  to  see  the  things  that  are 
not  where  he  looks  and  which  may  be  in  the  future  only.  The 
engineer's  greatest  ser\dce  is  based  largely  on  his  ability  to 
see  the  things  that  are  not  obvious,  to  see  the  possible  advances 
that  are  but  obscurely  indicated,  to  see  in  the  blue-print  and 
the  description  that  which  is  a  possible  future  fact  worth 
while.  The  engineer  who  is  of  great  service  to  the  world  deals, 
as  a  rule,  with  a  great  variety  of  things  which  may  cover  a 
large  part  of  the  whole  range  of  science,  including  those 
undeveloped  sciences  which  contain  the  laws  of  the  reactions 
which  occur  in  the  contact  of  man  with  man.  as  individuals  or 
in  groups. 

It  seems  to  me  that  any  candid  study  of  many  engineers 
who  have  rendered  srreat  service  to  the  world  will  show  that 
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they  exhibit  great  variety  in  their  general  characteristics. 
Among  the  engineers  who  have  rendered  great  service  are 
men  of  the  artistic  temperament,  men  with  great  ability  at 
the  fingers'  ends  and  men  with  but  little  manual  skill,  men 
who  have  succeeded  by  direct  attacks  in  person  on  the  tech- 
nical problems  that  came  before  them  with  little  attention  on 
the  human  elements  in  life  and  men  who  have  worked  almost 
entirely  through  other  brains  than  their  own,  being  great 
executives  in  the  engineering  field.  There  is  still  abundant 
opportunity  in  engineering  for  all  of  these  types. 

The  engineers  that  we  should  aspire  to  educate  have  so 
broad  a  field,  so  great  a  variety  of  opportunity,  such  large 
powers  of  future  expansion  beyond  their  size  while  in  college, 
and  expansion  in  so  many  directions,  that  we  should  be  scep- 
tical of  vocational  tests  or  of  objective  tests  of  that  type  for 
them. 

Please  do  not  misunderstand.  It  is  certain  that  there 
should  be,  and  probably  will  be,  much  experimenting  in  the 
next  few  years  in  connection  with  various  tests  applied  to 
students  of  engineering.  It  is  only  on  one  point  in  connec- 
tion with  the  proposed  tests  that  I  have  expressed  skepticism. 
I  believe  that  an  engineer  needs  intelligence  and  must  use  it, — 
but  not  simply  a  particular  kind  of  mechanical  mathematical 
intelligence.  Hence  I  believe  that  the  future  tests  should  aim 
to  discover  and  measure  intelligence, — rather  than  a  particu- 
lar brand  of  intelligence. 

It  is  reasonably  certain  that  some  within  hearing  are  think- 
ing "that  is  all  well  and  good  if  you  are  considering  only  the 
leaders  in  engineering,  but  how  about  the  large  numbers  of 
men  who  do  the  routine  work  in  engineering,  the  men  who 
are  draftsmen  for  life,  who  operate  small  power  plants  for 
life,  or  who  are  inspectors  and  remain  so."  The  sooner  we 
recognize  that  such  men  have  not  measured  up  to  the  standard 
of  service  which  we  recognize  cordially  as  engineering,  the 
better  it  will  be  for  engineering  education. 

There  is  need  of  much  clear  recognition  of  the  fact  that  the 
greatest  defect  in  our  educational  system  at  present  is  the 
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lack  of  vocational  training.  Trade-schools  are  needed. — 
trade-schools  which  are  frankly  and  definitely  devoted  to 
training  artisans  of  all  grades,  including  the  highest  types,  as 
for  example,  skilled  draftsmen.  The  draftsman  bears  the 
same  relation  to  an  engineer  that  the  trained  nurse  or  the 
interne  in  a  hospital  bears  to  the  surgeon.  The  trained  nurse 
renders  valuable  service  in  that  capacity  for  life.  The  sur- 
geon's success  is  based  on  her  skill  and  fidelity.  The  interne 
is  for  a  time  in  much  the  same  relation  to  the  surgeon  as  the 
trained  nurse.  But  he  is  developing  up  through  that  ex- 
perience to  become  a  surgeon.  So  also  a  good  road  to  the 
engineer's  position  runs  by  way  of  temporary  service  at  the 
drafting-table. 

If  we  had  well-developed,  frank  trade-schools,  many  of  the 
best  men  for  the  routine  work  which  is  the  basis  of  engineer- 
ing would  be  developed  in  those  schools,  and  probably  the 
draftsmen  would  largely  be  developed  there.  As  a  result  we 
would  have  better  workmen,  better  foremen,  better  operators, 
better  draftsmen.  As  artisans  of  higher  grade  were  developed 
in  such  a  well-planned  system  of  trade-schools  we  would  be 
face  to  face  in  time  with  even  greater  difficulties  than  now  in 
drawing  a  clear,  definite  line  to  separate  the  highest  grade 
of  artisans  from  the  engineers.  The  engineers  would  find  the 
emphasis  in  the  lines  in  which  they  served  going  more  and 
more  to  the  creative  side,  the  improvement  side.  The  engi- 
neer's education  would  in  time  respond  still  more  than  at 
present  to  that  kind  of  a  demand  on  his  ability. 

The  establishment  and  frank  development  to  their  highest 
capabilities  of  trade  schools  for  artisans  would  give  the  grad- 
uates of  such  schools  better  preparation  for  their  future  serv- 
ice in  a  shorter  time  than  they  can  now  get  it,  either  by  ex- 
perience merely  or  by  studying  to  be  artisans  in  a  college  of 
engineering. 

Permeating  many  of  our  educational  probleriis  in  this 
society  are  obscurities  that  arise  from  the  fact  that  the  essen- 
tial difference  between  the  high-grade  artisan  and  the  engi- 
neer is  not  clearly  seen  and  the  corresponding  action  taken. 
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In  military  life  everywhere  a  clear  distinction  is  seen  between 
the  private,  or  non-commissioned  officer,  and  the  officer.  That 
distinction  clearly  seen  and  acted  upon  is  effective  both  in 
contributing  to  the  efficiency  of  the  organization  and  in  de- 
veloping the  individual  in  it. 

As  in  military  life,  the  exceptional  men  frequently  pass 
from  one  of  these  classes  to  the  one  above,  from  the  non- 
commissioned to  the  officer  class,  so  we  should  expect  even 
though  we  had  the  ideal  educational  system,  that  exceptional 
men,  trained  as  artisans  would  rise  to  the  professional  class. 
The  point  is  that  both  the  education  and  the  performance 
would  be  improved  by  recognizing  frankly  both  classes  as  dis- 
tinct, just  as  it  is  certain  that  in  the  Army  and  Navy  frank 
recognition  of  the  officers  and  of  the  non-commissioned  officers 
as  being  in  distinct  classes  contributes  to  raising  the  quality 
of  their  service  and  of  their  training. 

During  the  war  it  has  been  impressed  very  strongly  upon 
our  attention  that  under  the  spell  of  a  nation  wide  unanimous 
purpose  our  young  men  were  so  strongly  motivated  that  they 
showed  powers  much  greater  than  we  had  supposed  them  to 
possess.  Every  young  man  had  an  abiding  fierce  determina- 
tion to  fight  the  Hun.  He  was  ready  and  willing  to  take  any 
discipline  or  do  anything  required  that  would  help  him  along: 
the  line  of  his  determination.  When  he  saw  his  chance  in  the 
form  of  a  specific  task, — as  a  motor  mechanic,  an  aviator,  or 
a  radio  expert  he  took  the  essentials  of  that  specific  training 
with  most  astonishing  vim  and  rapidity. 

It  is  important  that,  as  educators,  we  should  see  the  mean- 
ing of  this  experience  in  true  perspective, — that  we  should 
not  draw  false,  or  unbalanced,  conclusions  from  it,  as  we 
attempt  to  apply  war  time  experience  to  times  of  peace.  We 
have  had  the  strictly  military  view  of  the  matter  presented 
to  us  very  fully  and  very  vigorously,  during  the  war,  and  at 
this  meeting. 

I  desire  to  raise  and  emphasize  three  broad  questions  aris- 
ing out  of  the  war  experience.  First,  In  the  next  ten  years 
in  our  colleges  of  engineering  will  the  successful  motivation 
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of  our  students  be  a  military  motivation,  or  a  motivation  in 
some  other  line?  Second,  Is  it  possible  to  get  a  real  speeding 
up  in  the  education  of  engineers  in  time  of  peace  that  shall 
correspond  to  that  which  was  secured  in  the  training  of  men 
for  specific  tasks  in  war  time  ?  Third,  Is  it  our  patriotic  duty 
to  train  all,  or  large  numbers,  of  our  students  to  be  military 
engineers?  Or  will  we  serve  the  nation  still  better  if  we 
educate  them  thoroughly  as  engineers  and  let  them  get  at 
college  or  in  camps  whatever  small  amount  of  the  essentials 
of  strictly  military  knowledge  experience  may  show  each  man 
should  have, — but  get  it  without  interruption  of  their  engi- 
neering education  or  distortion  of  that  education. 

Our  young  men  under  the  spell  of  the  unanimous  determi- 
nation to  fight  the  Hun  had  an  extremely  strong  military 
motivation.  Did  that  motivation  show  a  sudden  lapse  when 
the  armistice  was  signed  ?  Are  the  young  men  now  in  college 
showing  the  intense  motivation  toward  military  occupations 
that  they  did  in  1917  and  1918?  Should  they  show  such  a 
motivation  now  if  they  see  things  rightly?  Is  the  task  now 
imminent  before  us  in  the  world  essentially  military, — or 
essentially  a  peace  task?  Consider  the  mental  attitude  of  the 
boys  now  in  college.  Do  they  take  to  military  training  with 
avidity?  Is  not  the  military  motivation  for  engineering  stu- 
-dents  largely  a  thing  of  the  past  ?  As  motivation  is  extremely 
important  to  our  success  as  educators  should  we  develop  a 
new  motivation  in  the  place  of  the  lost  militar\-  motivation, — 
or  take  advantage  of  whatever  motivation  now  exists  in  nas- 
cent state  in  our  young  men  ?  A  frank  and  full  consideration 
of  these  queries  will  also  furnish  a  true  answer  to  that  first 
question,  which  was  "In  the  next  ten  years,  in  our  colleges  of 
engineering,  will  the  successful  motivation  of  our  students  be 
a  military  motivation,  or  a  motivation  in  some  other  line?" 

Next,  Is  it  possible  to  get  a  real  speeding  up  in  the  educa- 
tion of  engineers  in  time  of  peace  that  shall  correspond  to  that 
which  was  secured  in  the  training  of  men  for  specific  tasks 
in  war  time?     Education  is  essentially  a  slower  process  than 
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training.  The  more  specific  and  narrow  the  task  for  which  a 
man  is  to  be  training  the  more  quickly  he  may  be  trained. 
Each  piece  of  war  time  training  was  purposely  and  rightly 
made  as  specific  as  possible.  An  engineer  needs  an  education 
which  shall  fit  him  for  a  large  variety  of  somewhat  vague 
tasks.  To  train  a  man  to  do  things  at  once  thus  and  so —is 
an  undertaking  which  lends  itself  readily  to  a  speeding  up. 
But  It  is  a  much  harder  task  and  one  which  is  essentially  much 
slower,  to  educate  a  man  so  that  he  will  think.  That  is  what 
we  must  do  for  our  future  engineers.  Let  us  keep  these  things 
m  mmd,  and  apply  the  necessary  correction  factors,  when- 
ever it  is  tacitly  assumed,  or  openly  asserted,  that  the  war 
experience  in  training  for  specific  tasks  with  great  speed 
shows  that  we  may  educate  engineers  in  a  much  shorter  time 
than  we  have  in  the  past.  Of  course  we  can  do  better  than 
we  have  in  the  past,— but  education  cannot  be  speeded  up  to 
the  same  limit  as  special  training. 

In  discussions  as  to  possible  changes  in  our  educational 
system  one  tacit  assumption  frequently  made  is  that  it  is  our 
patriotic  duty  to  put  much  of  a  military  complexion  into  our 
training  of  engineers,  that  it  is  our  patriotic  duty  to  pay  con- 
siderable attention  to  military  engineering  in  the  training  of 
engineering  students.     I  challenge  that  assumption.     I  believe 
It  to  be  clearly  a  mistake  and  have  indicated  my  belief  in  the 
third  question,— ''Is  it  our  patriotic  duty  to  train  all,  or  large 
numbers  of  our  students  to  be  military  engineers?     Or  will 
we  serve  the  nation  still  better  if  we  educate  them  thoroughly 
as  engineers  and  let  them  get  at  college  or  in  camps  whatever 
small  amount  of  the  essentials  of  strictly  military  knowledge 
experience  may  show  each  man  should  have,— but  get  it  with- 
out interruption  or  distortion  of  their  engineering  education." 
In  the  war  just  ended  the  original  engineer  arm  of  the 
United  States  Army  was  increased  to  131.5  times  its  pre-war 
strength.     Eleven  per  cent,  of  our  total  force  was  made  up  of 
engineer  troops.     On  the  face  of  it  this  means  that  as  a  patri- 
otic duty  we  should  train  an  extremely  large  number  of  mili- 
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tary  engineers.  But  is  that  the  correct  conclusion  ?  The  ex- 
pansion was  made  by  taking  men  educated  for  engineering, 
and  with  experience  as  engineers  in  practice,  for  oflScers,  and 
using  for  the  rank  and  file  in  engineering  troops,  artisans  in 
engineering  lines  with  a  peace  time  occupation  similar  to  that 
which  was  to  be  theirs  in  war.  It  was  found  to  be  both  an 
easy  and  a  short  task  to  give  them,  the  officers  and  the  men, 
the  essentials  of  strictly  military  knowledge.  They  did  their 
war  work  well  and  promptly.  In  general  throughout  this 
war.  in  so  far  as  the  United  States  was  concerned,  the  greatest 
shortage  was  never  in  trained  officers  and  men.  It  was  in 
transportation  and  materials.  The  higher  the  development 
of  engineering  in  peace  time  in  a  given  nation  the  more 
quickly  these  shortages  of  transportation  and  of  materials  can 
be  met.  Our  engineers  in  war  faced  the  same  problems  as 
they  had  been  accustomed  to  in  times  of  peace.  If  we  train 
our  future  engineers  to  solve  the  problems  of  peace  more 
thoroughly  we  will  be  doing  much  more  to  increase  their 
effectiveness  in  war  than  by  giving  them  in  advance  a  little 
smattering  of  so-called  military  engineering.  The  great  prin- 
ciples of  military  strategy  remain  the  same  throughout  all 
ages.  But  the  tools  and  the  tactical  methods  of  war  change 
each  generation  with  the  advance  of  applied  science  and  are 
conditioned  on  the  state  of  that  advance.  We  as  engineering 
educators  shall  contribute  more  to  the  national  welfare  by 
raising  the  state  of  the  art,  engineering,  than  we  can  in  any 
other  way. 

In  the  process  of  doing  our  best  for  engineering,  by  improv- 
ing engineering  education  while  we  hold  fast  to  that  which 
is  excellent  in  our  present  methods,  we  should  of  course  wel- 
come any  enrichment  of  courses  and  improvement  of  methods 
which  may  come  from  our  military  experience  or  our  mili- 
tar^'  arms. 

Our  greatest  ser^aee  to  the  nation  will  be  to  do  our  best  to 
make  this  nation  foremost  in  engineering  in  time  of  peace, — 
and  therefore  foremost  in  militarv  engineering  in  time  of  war 
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when,  and  if.  war  shall  come.  Our  service  will  be  of  the 
highest  type  if  there  is  ever  before  us  the  realization  that 
engineering  is  the  foundation  of  our  civilization. — if  we 
realize  that  we  make  a  better  superstructure  possible  when 
we  build  the  foundation  better. — if  we  realize  that  our  part  is 
ever  to  foster  a  better,  broader,  more  thorough  engineering 
education  than  has  ever  vet  been  given. 


THE  CASE  SYSTEM  FOR  THE  STUDY  OF  LAW: 

WHAT  IT  IS,  AND  ITS  BEARING  ON 

ENGINEERING  EDUCATION. 

BY  C.  F.  ALLEN, 
Massachusetts  Institute   of   TeclinologT. 

For  a  proper  understanding  of  this  paper  it  will  be  neces- 
sary to  understand  what  is  meant  by  the  term  Law.  The 
study  of  law  is  essentially  the  study  of  the  common  law,  so 
called.  It  should  be  understood  that  the  basis  of  the  common 
law  is  right  and  justice,  and  that  in  business  matters  custom 
often  determines  what  is  right  and  just. 

When  indi^-iduals  differed  as  to  right,  courts  were  resorted 
to  for  the  purpose  of  securing  an  unprejudiced  decision  as  to 
right.  For  a  time  there  was  a  chance  that  one  court  might 
judge  one  way,  and  later,  another  court  another,  where  the 
matters  involved  differed  inappreciably,  if  at  all.  Afterwards, 
as  a  business  necessity,  it  became  the  habit  that  the  decision 
of  a  court  of  suflBcient  importance  should  be  recorded,  and 
further  that  the  decision  of  a  court  so  recorded,  should  be 
given  great  weight  (or  even  allowed  to  control  the  decision) 
by  another  court  when  the  same  or  an  analogous  case  came 
up.  The  decisions  thus  rendered  are  found  in  the  "cases" 
reported  and  it  is  customary  now  to  print  and  bind  the  reports 
of  cases  decided,  st)  that  they  may  be  available  to  lawyers  for 
use  in  court  to  sustain  their  contentions  as  to  matters  of  law 
in  future  trials. 

The  decisions  thus  recorded  become  the  law  and  the  common 
law  rests  upon  these  decisions  and  the  principles  which  may 
be  derived  from  a  study  and  comparison  of  them. 

Treatises  have  been  written,  in  many  cases  by  very  able 
lawyers,  oftentimes  by  distinguished  teachers  of  law,  arrang- 
ing and  stating  the  principles  involved  in  these  decisions, 
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working  out  systems  applicable  to  various  subjects  such  as 
contracts,  torts,  equity  and  many  others.  Such  treatises  are 
of  great  value,  partly  because  through  them,  it  becomes  un- 
necessary for  each  law;s'er  to  duplicate  the  work  of  harmon- 
izing decisions  and  establishing  the  principle^^  involved. 
Furthermore,  not  every  lawyer  has  the  analytical  ability  to 
do  the  work  as  well  as  the  writer  of  the  treatise. 

However  valuable  these  treatises  are,  they  do  not  have  the 
weight  of  law.  The  court  may  attach  great  importance  to 
the  opinions  of  the  lawyer  who  wrote  the  treatise,  but  the  law 
is  to  be  found  only  in  the  decisions  of  the  cases.  Very  strictly 
it  is  accepted  that  the  "decisions''  only  of  the  judges  are 
law;  the  reasons  they  give  are  not  law.  An  eminent  lawyer 
and  writer.  Bishop,  has  stated:  "The  nature  and  function  of 
a  judicial  decision  is  the  conclusion  of  a  judicial  mind  upon 
particular  facts.  A  controversy  between  parties  had  arisen, 
and  to  settle  it  they  brought  the  facts  to  the  tribunal  and 
proved  them;  thereupon  it  pronounced  the  law's  determina- 
tion upon  those  facts,  and  it  did  nothing  else." 

The  situation  will  be  understood  if  it  be  stated  that  a  de- 
cision which  is  really  right  and  sound  will  stand,  if  reviewed 
by  a  higher  court,  even  if  the  reasons  given  are  unsound. 

As  a  matter  of  fact,  the  reasons  given  illumine  the  decision 
and  make  it  understandable,  and  the  influence  of  the  reasons 
given  has  probably  been  greater  than  that  of  the  decisions 
themselves.  It  has  been  well  stated  by  Prof.  John  C.  Gray, 
of  the  Harvard  Law  School,  a  well-known  practicing  lawyer 
as  well :  "The  highest  courts  have  always  deemed  it  their  duty 
not  merely  to  advise,  but  to  announce  publicly  the  grounds  of 
their  decision."  "The  judges  therefore  .  .  .  have  furnished 
to  the  profession  and  the  community  the  principles  of  law  as 
well  as  judgments  in  particular  cases.  A  principle  would  be 
laid  down  in  one  ease  very  imperfectly,  another  case  would 
extend  it  in  one  direction,  a  third  restrict  it  in  another,  a 
fourth  modify  it,  and  while  there  has  been  no  expectation  that 
the  judges  would  deliver  essays  on  the  law,  it  has  always  been 
deemed  proper  and  right  that  they  should  state  the  principle 
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as  extended,  restricted  or  modified,  in  accordance  with  which 
they  decided  the  case  before  them." 

In  many  newer  cases  brought  to  trial  it  is  found  that  no 
new  principle  is  involved,  and  the  decision  rests  substantially 
or  absolutely  upon  some  case  previously  decided.  Certain 
cases  frequently  used  in  this  way  have  become  known  as 
''leading  cases." 

Early  in  the  operation  of  law  schools  in  this  country,  the 
instruction  was  given,  so  far  as  class  work  was  concerned,  by 
lectures,  and  treatises  or  *' text-books ' '  were  used  to  enable 
the  student  to  study  closely  the  principles  in  various  branches 
of  law,  outside  the  lecture  room.  The  treatises  referred  to 
cases  which  might  be  read  if  the  pupil  desired. 

WTien  Professor  Langdell  was  appointed  dean  of  the  Harv- 
ard Law  School  in  1S70,  the  course  covered  one  year  and  a 
half  of  work,  the  instruction  was  largely  by  lectures,  and 
there  were  no  examinations.  Xo  wonder  that  he  saw  the  need 
of  something  better  I 

Engineering  colleges  have  found  that  theory  can  be  taught 
to  the  best  advantage  only  in  connection  with  its  applications. 
It  does  not  seem  strange  that  Langdell  reached  a  similar  con- 
elusion.  The  decisions  of  the  courts  which  are  the  underly- 
ing sources  of  the  law,  are  found  in  the  reports  of  the  cases. 
These  reports  include  a  statement  of  the  essential  facts ;  of  the 
issue,  which  is  the  matter  in  controversy  legally,  reduced  to 
its  lowest  terms  by  the  pleadings  of  the  lawyers ;  the  decision 
of  the  judge  upon  this  point,  in  favor  of  the  plaintiff  or  the 
defendant ;  and  the  reasons  for  the  decision,  generally  held 
not  to  be  law,  but  an  expression  from  a  high  source  of  what 
the  judge  conceives  to  be  a  principle  of  law  applied  to  this 
case. 

In  a  treatise  or  text-book,  the  student  finds  principles  or 
rules  of  law  set  forth  as  developed  by  the  author  from  his 
study  of  the  cases.  These  principles  are  there  largely  dis- 
sociated from  the  facts  and  issue  of  the  case.  In  the  case 
system,  the  pupil  studies  the  cases,  and  his  duty  is  to  discover 
the  principle  or  rule  of  law  which,  in  this  instance,  will  be 
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directly  associated  with  the  facts.  The  theory  and  its  appli- 
cation are  here  brought  together. 

Langdell  further  advanced  the  proposition,  rather  necessary 
to  justify  his  method,  that : 

"Law,  considered  as  a  science,  consists  of  certain  principles 
or  doctrines.  To  have  such  a  mastery  of  these  as  to  be  able 
to  apply  them  with  constant  facility  and  certainty  to  the 
ever-tangled  skein  of  human  affairs,  is  what  constitutes  a  true 
lawyer ;  and  hence  to  acquire  that  mastery  should  be  the  busi- 
ness of  every  earnest  student  of  law.  .  .  . 

"Moreover,  the  number  of  fundamental  legal  doctrines  is 
much  less  than  commonly  supposed ;  the  many  different  guises 
in  which  the  same  doctrine  is  constantly  making  its  appear- 
ance, and  the  great  extent  to  which  legal  treatises  are  a  repe- 
tition of  each  other,  being  the  cause  of  much  apprehension." 

He  evidently  appreciated  the  fact  that  a  qualitative  ' '  under- 
standing" of  law  is  more  important  than  a  quantitative 
"knowledge"  of  law.  Statute  law,  reversals,  or  newer  ex- 
tensions of  principles  often  undermine  what  is  merely 
"knowledge  of  law." 

Another  feature  of  the  instruction,  which  may  more  prop- 
erly be  called  Langdell 's  system  than  the  case  system  has  not 
always  attracted  the  attention  it  deserved.  It  appears  to  the 
writer  to  lie  at  the  root  o*f  the  success  of  the  "case  system" 
( Langdell 's  system)  at  the  Harvard  Law  School. 

Quoting  Langdell:  "It  was  necessary,  first,  that  the  efforts 
of  the  students  should  go  hand  in  hand  with  mine,  that  is. 
that  they  should  study  with  direct  reference  to  my  instruc- 
tion ;  secondly  that  the  study  thus  required  of  them  should  be 
of  the  kind  from  which  they  might  reap  the  greatest  and  most 
lasting  benefit ;  thirdly,  that  the  instruction  should  be  of  such 
a  character  that  the  pupils  might  at  least  derive  a  greater 
advantage  from  attending  it  than  from  devoting  the  time  to 
private  study." 

Again,  "I  wish  to  emphasize  the  fact  that  a  teacher  of  law 
should  be  a  person  who  accompanies  his  pupils  on  a  road 
which  is  new  to  them,  but  with  which  he  is  well  acquainted 
from  having  often  travelled  it  before." 
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The  system  of  instruction  adopted  as  being  well  adapted  to 
these  purposes,  was  neither  lecture  nor  recitation  but  a  well- 
considered  conference  or  discussion  into  which  the  teacher 
and  pupil  entered  upon  substantially  even  terms.  The  teacher 
assumed  the  position  of  leader  rather  than  instructor,  all 
working  together  in  research,  seeking  for  the  truth,  groping 
for  the  truth  more  often  perhaps,  and  floundering  not  a  little. 
The  teacher  subordinated  himself,  helping,  rather  than  direct- 
ing. The  instrument  was  a  corkscrew  rather  than  a  ramrod, 
and  yet  not  the  stomach  pump  of  the  recitation.  In  its 
actual  workings,  the  pupil  appears  to  have  forgotten  to  regard 
his  teacher  as  a  common  enemy;  the  teacher  refrains  from 
dogmatism ;  the  exercise  is  very  democratic.  The  fact  that  the 
pupils  at  Harvard  Law  School  are  graduate  students  makes 
this  attitude  more  readily  possible. 

Doctor  Redlich.  professor  of  law  at  the  University  of 
Vienna,  after  investigating  the  case  system  for  the  Carnegie 
Foundation,  in  describing  the  system  of  class  work,  says : 

"Langdell  began  his  teaching  by  having  each  of  the  cases, 
which  the  students  had  to  study  carefully  in  preparation  for 
the  class,  briefly  analyzed  by  one  of  them  with  respect  to  the 
facts  and  the  law  contained  in  it.  He  then  added  a  series  of 
questions,  which  were  so  arranged  as  gradually  to  lay  bare  the 
entire  law  contained  in  that  particular  ease.  This  stimulated 
questions,  doubts,  and  objections  in  the  part  of  individual 
students,  against  whom  the  teacher  had  to  hold  his  ground  in 
reply.  Teacher  and  pupils  then,  according  to  Langdell's  de- 
sign, work  together  to  extract  from  the  single  cases  and  from 
the  combination  or  contrasting  of  eases,  their  entire  legal  con- 
tent, so  that  in  the  end  those  principles  of  that  particular 
branch  of  the  law  which  control  the  entire  mass  of  related 
cases  are  made  clear.  The  two  ideas  together  suggest  and  are 
sufficiently  well  described  by  the  term  'Socratic  Method' — 
an  expression  which  was  indeed  early  employed  by  Langdell 
and  his  pupils." 

He  goes  on  to  describe  the  class  work: 

* '  The  students  study  thoroughly  a  number  of  cases  at  home 
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and  strive  to  master  the  actual  facts  involved  as  well  as  the 
rule  of  law;  usually  they  prepare  a  very  brief  abstract  of 
each  separate  case,  which  they  bring  with  them  to  class.  In 
the  actual  class  exercise  the  professor  calls  on  one  of  the  stu- 
dents, and  has  him  state  briefly  the  content  of  the  case.  Then 
follows  the  interchange  of  question  and  answer  between 
teacher  and  students;  in  the  course  of  the  discussion  other 
students  are  brought  in  by  the  teacher,  and  still  others  inter- 
ject themselves  in  order  to  offer  objections  or  doubts  or  to 
give  a  different  answer  to  the  original  question.  The  whole 
exercise  generally  moves  quickly  and  yet  with  absolute  quiet 
and  with  undivided  attention  on  the  part  of  the  class.  It 
must  indeed  make  a  strong  impression  upon  every  visitor  to 
observe,  as,  for  instance,  in  the  Harvard  or  Columbia  Law 
School,  classes  of  100  to  150  students  engaged  in  this  intensive 
intellectual  work ;  all  the  students  intent  upon  the  subject, 
and  the  whole  class  continually,  but  to  a  certain  extent  im- 
perceptibly, guided  by  the  teacher  and  held  to  a  common 
train  of  thought.  The  thing  that  specially  impressed  me  was 
the  general  intense  interest  displayed  by  the  whole  class  in 
the  discussion,  even  by  those  who  did  not  take  part  in  it  them- 
selves; I  do  not  remember  that  a  student,  when  called  upon, 
was  confused  or  unable  to  reply,  although  of  course  not  all 
gave  an  adequate  answer.  The  transition  from  one  case  to 
another  followed  quickly,  and  indeed  in  general  the  tempo 
is  a  rapid  one,  and  always  only  the  matter  in  hand  is  discussed 
and  superfluous  generalities  are  avoided.  Digressions  from 
the  theme  are  as  a  rule  dismissed  by  the  lecturer  with  a  short 
remark;  pauses  seldom  occur,  for  if  the  professor  notices  a 
general  lack  of  understanding  of  the  case,  he  then  interposes 
with  a  lengthy  explanation.  The  great  majority  of  the  stu- 
dents make  notes  during  the  course  of  the  discussion.  I 
looked  at  many  of  these  note-books  and  found  in  them  the 
principles  of  the  case  jotted  down,  almost  always  briefly  but 
intelligibly,  and  for  the  most  part  in  ordinary  long-hand 
writing." 
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After  referring  to  certain  teachers,  he  states: 

"Other  profesosrs,  among  whom  are  many  of  the  strongest 
representatives  of  the  case  method,  abstain  from  any  sum- 
mar^'  resume  of  the  discussion,  and  even  scrupulously  avoid 
in  any  way  formulating  the  result  for  the  hearers,  or  pre- 
senting to  the  students  their  own  view  of  the  legal  principles 
of  the  case.  And  this  occurs,  as  I  have  learned  from  many 
conversations  with  law  teachers,  as  the  result  of  definite  con- 
victions in  regard  to  method.  They  feel  that  the  case  method, 
correctly  understood,  ought  to  avoid  any  dogmatic  instruction 
of  the  pupils  by  the  teacher." 

From  the  "Centennial  History  of  the  Harvard  Law  School" 
is  culled  the  following  extract  with  relation  to  Prof.  James 
Barr  Ames,  a  rare  teacher  to  whom  is  due.  to  a  greater  ex- 
tent than  to  Langdell,  the  perfecting  of  this  system  of  instruc- 
tion.    It  sheds  light  upon  the  system  and  is  as  follows : 

"Ames  was  a  born  teacher;  and  no  one  who  has  ever  been 
connected  with  the  school,  as  his  colleague  Professor  Gray  has 
said,  had  so  happy  a  faculty  of  making  students  think  for 
themselves.  He  loved  to  teach,  and  he  was  a  masterful 
teacher.  He  would  bring  out  an  idea,  and  the  idea  would 
seem  entirely  reasonable.  He  would  bring  out  another  idea, 
and  that,  too,  would  seem  entirely  reasonable.  Gradually,  it 
would  dawn  on  the  student  that  the  two  ideas  were  quite  in- 
consistent and  that  he  must  decide  which  was  right.  The 
student  was  interested,  stimulated,  tantalized.  The  lectures 
by  the  Dean  (Ames)  especially  in  the  course  on  trusts,  caused 
great  mental  disturbance,  not  to  say  anguish.  He  baptized 
men  in  brain  fire.  He  was  the  ideal  teacher,  courteous  and 
patient.  If  he  led  the  student  to  the  brink  of  a  precipice,  he 
did  not  let  him  fall  over ;  he  never  failed  to  indicate  the  path 
back  to  safety.  Modestly,  in  all  discussions,  he  placed  the 
student  on  his  own  level;  both,  apparently,  were  groping  in 
the  widerness  for  the  truth :  and  while  he  would  give  possible 
clues,  he  was  ever  ready  to  discuss  the  student's  suggestions 
and  to  follow  them  until  it  became  apparent  to  the  whole  class 
that  they  led  only  to  confusion.    Then,  through  further  ques- 
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tioning,  he  gradually  disclosed  the  true  path  to  the  light. 
And  if,  at  times,  one  or  the  other  man  wandered  away  from 
the  leading  and  opened  up  new  roads  to  the  goal,  his  acknowl- 
edgment was  as  quick  as  it  was  hearty.  He  aimed  not  so 
much  to  impart  information,  as  to  develop  the  analytical 
powers  of  the  men,  to  make  them  think  as  lawyers.  He  ques- 
tioned much ;  he  answered  little.  Those  who  came  to  hear  the 
law  laid  down  went  away  to  ponder  what  it  ought  to  be.  He 
loved  the  battle  of  wits;  but  he  never  argued  for  the  sake  of 
victory.  He  helped  men  in  many  ways,  but  most  of  all  be- 
cause he  made  them  help  themselves.  It  is  a  great  deal  easier 
for  a  teacher  to  state  his  own  views  to  students  than  to  get 
them  to  think  for  themselves.  His  views  of  the  law  were  very 
positive,  but  he  always  kept  them  in  the  background  until 
he  had  got  the  students  to  exercise  their  own  minds  on  the 
problem, 

"It  was  his  singular  patience  in  this  discussion  of  legal  prin- 
ciples with  his  colleagues  that  has  created  at  Cambridge  what 
may  fairly  be  claimed  to  be  a  school  of  legal  thought  as  well 
as  a  law  school. 

''Ames  was  fitted  as  few  are  for  original  research,  endowed 
with  unrivalled  power  in  extracting  sound  principles  from 
the  bewildering  maze  of  decisions,  and  skilled  in  the  highest 
degree  in  generalization.  He  never  practised  at  the  bar,  and 
was  a  legal  philosopher  rather  than  a  lawyer. 

AVith  a  treatise  or  text-book  as  a  basis,  it  is  almost  as  natural 
for  a  pupil  to  depend  upon  memory  as  it  is  for  a  duck  to 
swm.  With  the  system  of  conference  and  discussion  the 
pupil  is  called  upon  to  think,  to  reason,  and  at  short  notice ; 
and  with  the  case  book  as  a  basis,  to  reason  legally.  With 
some  of  the  present  professors,  the  program  is  something  like 
this:  "Mr.  Smith:  Case  of  Jones  vs.  Brown,  page  157"— 
(Facts  and  decision  are  stated  by  the  pupil.)  "Do  you 
agree?  "Supposing?"  (A  variation  in  the  case.)  "Sup- 
posing again?"  (Another  variation.)  Others  in  the  class 
are  appealed  to,  and  in  time  a  legal  principle  or  rule  is 
evolved.  The  thinking  and  reasoning  are  in  the  class  room, 
and  memory  cannot  be  substituted. 
5 
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Strictly,  if  the  court's  decision  only  is  law  and  the  reasons 
not  law,  a  principle  can  no  more  be  derived  from  one  case, 
one  decision,  than  the  direction  of  a  line  can  be  determined 
from  one  point.  Two  points  will  serve  to  fix  a  line  if  the 
points  are  theoretically  or  mathematically  determined.  Where 
an  empiral  line  is  to  be  determined,  a  series  of  points  are  nec- 
esary,  sufficient  in  len^h  and  within  whose  limits  as  to  breadth 
the  line  must  lie.  The  principle  of  law  is  held  to  be  empirical. 
In  its  purity,  with  the  ^case  system,  several  cases  must  be 
studied  together  in  order  to  determine  the  limits  within*  which 
the  principle  or  rule  must  lie.  The  full  benefit  of  the  class 
room  exercise  is  secured  from  considering  a  group  of  cases, 
rather  than  from  discussing  a  single  case  only. 

In  the  practical  application  of  the  conference  and  discus- 
sion SA'stem  at  the  Harvard  Law  School,  the  pupils  appeared 
to  the  writer,  as  to  Dr.  Redlich,  to  be  alert  and  interested 
even  in  classes  of  one  hundred  or  more.  As  a  graduate 
phrased  it,  "They  are  on  their  toes  all  the  time."  The  exer- 
cise is  fascinating  to  the  visitor  if  he  knows  something  of  law, 
so  that  he  can  follow. 

In  the  opinion  of  the  writer,  the  conduct  of  the  classes  is 
the  distinguishing  feature  in  the  success  of  the  "case  s.ystem" 
at  the  Harvard  Law  School.  In  another  law  school  which  the 
writer  happened  to  have  an  opportunity  to  visit,  a  "recita- 
tion," called  by  that  name,  was  in  progress,  and  there 
was  an  almost  complete  absence  of  the  interest,  enthusiasm, 
and  attention  characteristic  of  the  Harvard  classes.  The  basis 
of  the  recitation  was,  however,  a  number  of  cases  assigned 
from  a  case  book.  A  few  students  who  were  called  upon 
doubtless  derived  considerable  profit,  but  this  recitation  would 
not  meet  Professor  Langdell's  test  that  "the  pupils  might  at 
least  derive  a  greater  advantage  from  attending  than  from 
devoting  the  time  to  private  study." 

It  has  been  stated  to  the  writer  by  a  prominent  educator, 
long  connected  with  Harvard  University,  and  who  is  also  a 
member  of  this  society,  that  the  success  of  the  "case  system" 
at  Harvard  is  due  largely  to  the  able  teachers  who  have  ad- 
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ministered  it.  There  ought  to  exist  no  doubt  of  this.  In  the 
selection  of  eases  to  comprise  the  case  book,  much  knowledge 
of  law  and  skill  in  arrangement  are  essential  in  order  to  secure 
a  progressive  development  of  principles.  In  the  conduct  of  a 
class  to  secure  the  atmosphere  which  undoubtedly  does  exist 
at  the  Harvard  Law  School,  a  nice  touch  is  important,  and 
with  a  class  of  one  hundred  "on  their  toes  all  the  time,"  the 
teacher's  work  surely  is  cut  out  for  him.  While  this  is  true, 
nevertheless  the  case  book  apparently  gives  better  opportunity 
for  the  tine  teacher  to  lead  his  pupil  to  reason  rather  than 
memorize,  than  does  the  law  treatise  or  text  book,  and  per- 
haps than  any  other  basis  for  instruction  in  law  or  otherwise. 
The  Langdell  system  of  class  work  also  gives  special  oppor- 
tunity for  the  good  teacher  to  do  superior  work. 

It  appealed  to  the  writer  that  it  was  wise  for  him  to  take  a 
leaf  from  the  Harvard  Case  System,  by  attending  not  one 
exercise,  but  several  in  an  attempt  to  discover  from  a  series 
of  observations  principles  underlying  the   system  practised 
there.     He   attended  fifteen   class   room   exercises,    covering 
fourteen   subjects,   under   nine    different   teachers.     It    goes' 
without  saying  that  the  teachers  were  not  all  of  equal  skill ;. 
the  average  was  high,  and  there  were  a  number  of  superior 
teachers.     The   detail   differed,   as   might   be   expected,   with 
different  teachers,  and  with  the  same  teacher  in  different  sub- 
jects, as  is  proper,  and  it  was  freely  stated  by  a  prominent 
member  of  the  faculty  that  the  year  of  the  class,  the  advance- 
ment of  the  pupil,  also  affected  the  character  of  exercise.    One 
very  able  teacher,  regarded  by  one  of  the  pupils  as  the  ''most 
brilliant ' '  of  his  teachers,  conducted  an  exercise  in  one  subject 
almost  as  a  recitation,  and  in  another  subject  did  nearly  all 
the  work;  nevertheless  the  momentum  of  the  Langdell  system 
of  class  work,  served  to  maintain  the  attitude  of  working 
together  and  to  sustain  the  interest.     To  avoid  any  chance 
of  conveying  a  wrong  impression,  it  appeared  to  the  writer 
that  both  exercises  were  conducted  with  excellent  judgment 
and  skill. 

It  is  also  a  tradition  that  with  another  of  the  professors 
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that  there  is  much  flouudering  in  his  classes,  but  one  of  the 
pupil's  criticism  of  this  was  commendation,  not  condemna- 
tion; he  "liked  it."  When  another  professor's  name  was 
mentioned  a  pupil  tersely  suggested  ''Supposing."  Of 
another,  a  younger  p^'ofessor's  class  exercise,  it  was  remarked, 
"That  was  a, pure  lecture."  One  able  professor  discouraged 
the  writer  from  attending  his  class  because  he  was  to  "lecture" 
upon  a  chapter  where  no  preparation  had  been  assigned.  It 
proved  to  be  well  worth  while  to  attend.  A  question  here  and 
there  gave  the  exercise  an  unusual  flavor,  and  upon  a  protest, 
after  the  lecture,  from  the  writer  that  it  had  hardly  been  a 
lecture  of  the  college  type,  the  professor  remarked  that  if  he 
lectured  only,  for  full  hour,  his  class  would  go  to  sleep. 

It  seemed  apparent  to  the  writer  that  with  pupils  trained  in 
the  Langdell  Class  System,  variations  toward  lecture  or 
toward  recitation,  or  class  work  which  had  some  flavor  of 
routine  at  the  hands  of  a  teacher  less  experienced  in  the  sys- 
tem, none  of  these  had  the  effect  of  bringing  the  attitude  of 
the  class  to  that  ordinarily  existing  in  lecture  or  recitation. 

The  pupils,  as  already  stated,  take  notes  freely  of  the  points 
or  principles  developed  by  the  discussion.  These  notes  are 
preserved  and  sometimes  used  even  after  graduation  and  ad- 
mission to  the  bar.  They  are  also  necessarily  studied  as  a 
preparation  for  future  class  exercises.  The  case  books  have 
.a  progressive  arrangement,  and  the  class  work  requires  the 
application  to  new  cases  of  principles  already  established  as 
well  as  the  derivation  of  principles  from  the  consideration  of 
a  series  of  cases. 

In  starting  and  developing  the  case  system  and  the  Lang- 
dell class  system,  the  Harvard  Law  School  was  fortunate  (or 
wise?)  in  its  professors:  Langdell,  who  originated  the  scheme; 
Ames,  who  more  than  any  other  perfected  it ;  and  with  them 
John  C.  Gray  and  James  B.  Thayer. 

Of  Professor  Gray  it  has  been  said: 
"Even  after  Langdell  and  Ames  had  made  the  case  system  a 
success,  Gray  long  continued  his  own  method,  not  requiring 
students  to  state  or  discuss  cases,  but  announcing  a  list  of 
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cases  to  be  read  as  a  preparation  for  each  lecture,  and  then 
giving  a  lecture  of  artistic  form,  with  beginning,  middle,  and 
end,  but  with  occasional  questioning."  "Gray  eventually 
became  a  convert  to  the  case  system  at  the  time  when  Lang- 
dell's  method  was  meeting  with  much  opposition  among  prac- 
titioners. ' ' 

A  former  pupil  of  Professor  Thayer  has  said  of  him : 

"I  have  always  thought  his  analysis  of  a  case  more  exact 
and  complete  than  that  of  anyone  else  I  ever  knew.  He  never 
found  more  in  a  case  than  was  actually  there,  and  nothing 
that  was  there  escaped  him.  .  .  . 

"Few  can  have  attended  his  lectures  without  learning  more 
than  the  legal  doctrines  which  were  the  direct  objects  of  their 
study.  Something — at  least  of  the  accurate  and  careful  habit 
of  mind,  the  patience  in  wearisome  investigation,  the  absolute 
intellectual  sincerity,  the  never-failing  kindness  and  courtesy 
which  distinguished  the  teacher,  must  have  borne  fruit  in  the 
minds  and  hearts  of  the  pupils. ' ' 

Commenting  upon  the  case  system.  Professor  Gray  has  said : 

"It  is  not  a  system  which  will  work  itself,  but  neither  will 
any  other  system.  .  .  .  With  a  drone  as  a  teacher  and  a  dunce 
as  a  student,  the  study  of  cases  would  not  be  the  surest  method 
to  get  into  the  bar. 

"I  ought  also  to  say  that  the  employment  of  the  'ease 
system'  involved  a  certain  amount  of  time;  and  although  the 
law  is,  I  think,  most  solidly  and  permanently  acquired  in  that 
way,  I  doubt  if  it  could  be  used  with  full  effect  in  a  course  of 
less  than  two  years.  The  course  necessary  at  Cambridge  is 
three  years. 

"Legal  treatis'es  have  their  value,  to  the  judge,  to  the  prac- 
ticing lawyer,  and  to  the  student.  It  is  well  to'have  the  intel- 
ligence and  the  industry  of  able  men  extract  and  develop  the 
principles  of  the  law  in  scientific  treatises,  as  it  is  well  to  have 
the  intelligence  and  industry  of  able  men  extract  and  develop 
in  systematic  treatises  the  principles  of  chemistry  or  mathe- 
matics. 

For  the  pupil  or  for  the  engineer  who  desires  to  acquire  a 
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general  knowledge  of  law  and  an  appreciation  of  the  scope,  the 
ease  system  appears  to  be  uneconomical  of  time.  Few  pupils 
or  engineers  would  profit  suitably  from  a  study  of  cases  with- 
out a  teacher.  Furthermore,  with  this  system,  unless  the 
teacher  is  a  master  of  the  subject  he  is  teaching,  some  harm 
even  may  result  to  the  pupil  from  unwise  leading,  on  the 
principle  that  "a  little  learning  is  a  dangerous  thing."  On 
the  other  hand,  a  student  may  readily  acquire  from  a  suitable 
treatise  or  text  book  a  good  general  understanding  of  law 
without  any  teacher,  or  with  a  teacher  whose  knowledge  of 
law  goes  little  beyond  the  scope  of  the  treatise  used  as  the 
basis  of  his  teaching. 

These  remarks  should  not.  and  cannot  properly  be  con- 
sidered an  adverse  criticism  of  the  case  system  as  practiced  at 
Harvard,  for  which  the  writer  professes  great  enthusiasm. 

It  is  reasonably  certain  that  the  average  student  can  obtain 
a  knowledge  of  law  sufficient  to  pass  his  bar  examination  in 
far  less  time  from  text-books  than  is  necessary  following  the 
case  system.  Students  who  have  fallen  behind  at  the  Harvard 
Law  School  use  text-books  in  preparation  for  their  Harvard 
examinations.  Their  use  by  pupils  there  is.  however,  said  to 
be  uncommon.  It  is  easy  in  matters  studied  in  the  treatise 
or  text-book  for  the  memory  to  be  "like  a  sieve  that  lets  most 
of  what  was  poured  into  it  run  out  again,"  although  there 
are  good  minds  which  easily  assimulate  principles  as  principles 
rather  than  as  memorized  facts. 

The  purpose  of  education  in  law  is  not,  however,  to  enable 
a  young  man  to  pass  a  bar  examination,  but  to  train  him  thor- 
oughly for  his  work.  Quoting  Professor  Gray  again:  "There 
are  two  things  to  be  acquired  in  a  legal  education.  First,  the 
knowledge  of  a  certain  number  of  facts.  Secondly,  the  habit 
of  correct  reasoning  on  legal  questions,  with  a  ready  and  ac- 
curate perception  of  legal  analogies,  and  the  second  is  much 
more  important  that  the  first. ' ' 

As  to  the  success  achieved  at  Harvard  in  this  way  Dr.  Red- 
lich  remarks  in  his  report : 

"I  visited  particularly  classes  of  the  third  year,  in  which 
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difficult  cases,  as  for  example  cases  involving  a^' conflict  of 
laws, '  were  analyzed  by  the  students  with  great  readiness  and 
grasp  of  the  subject-matter;  classes  in  which  there  stood  out 
strongly  not  only  excellent  logical  training,  capacity  for  inde- 
pendent study,  and  especially  for  quick  comprehension  of  the 
actual  point  of  law  involved,  but  also  indisputable  knowledge 
of  positive  law.  I  gained  the  impression  that  law  students  of 
the  third  year  in  our  European  law  schools  would  hardly  ever 
be  found  competent  for  such  work.  On  the  other  side,  how- 
ever, I  am  just  as  positive  that,  if  all  first  attempts  are  diffi- 
cult, this  is  especially  true  of  legal  education  according  to  the 
case  method.  Eminent  professors  of  law  have  repeatedly  ex- 
plained to  me  that  it  takes  a  long  time  before  the  excellent 
effects  of  instruction  by  law  cases  are  evident.  The  beginners 
are,  as  a  rule,  rather  confused  by  what  is  demanded  of  them 
in  class,  and  usually  for  a  considerable  period  only  the  par- 
ticularly quick  or  talented  students  take  part  in  the  debate; 
but  after  some  weeks  or  months,  things  become  clearer  to  the 
others  also ;  the  students  begin  to  grasp  what  it  is  all  about, 
and  there  soon  follows  the  hearty  cooperation  of  the  majority." 

Some  of  the  pupils  stated  to  the  writer  that  it  takes  two  or 
three  weeks  before  they  get  proper  hold  of  the  system.  Two 
or  three  weeks  as  a  foundation  for  continuous  intensive  study 
along  the  same  line  for  a  period  of  three  years  is  not  lost  time. 
The  system,  like  a  snowball,  gains  as  it  rolls  on. 

But  two  weeks  of  eight  hours  a  day  means  96  hours  or 
more.  Many  an  engineering  course  has  only  30  class  hours 
with  2  hours'  preparation  for  each,  or  90  hours  in  all.  A 
course  in  business  law  might  be  so  scheduled.  Would  the  case 
system  be  economical  for  a  short  course- of  this  sort? 

Professor  Keener,  of  Columbia  University,  an  uncompro- 
mising advocate  of  the  case  method,  says  for  the  representa- 
tives of  this  method : 

"The  system  produces  a  lawyer  more  quickly  than  the 
text-book  system,  for  the  reason  that,  in  their  opinion,  the 
powers  of  analysis,  discrimination  and  judgment  which  have 
been  acquired  by  a  study  of  the  cases  by  the  student  before 
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graduation  ^lust  be  acquired  by  the  student  of  the  text-book 
system  after  he  has  ceased  to  be  a  student  and  has  become  a 
practicing  lawyer." 

He  further  states : 

"The  student  is  required  to  analyze  each  case,  discriminat- 
ing between  the  relevant  and  irrelevant,  between  the  actual 
and  possible  ground  of  decision.  And  having  thus  discussed 
a  case,  he  is  prepared  and  required  to  deal  with  it  in  its  rela- 
tion to  other  cases.  In  other  words,  the  student  is  practically 
doing  as  a  student  what  he  will  be  doing  as  a  lawyer.  By 
this  method  the  student 's  reasoning  powers  are  constantly  de- 
veloped, and  while  he  is  gaining  the  power  of  legal  analysis 
and  synthesis,  he  is  also  gaining  the  other  object  of  legal  edu- 
cation, namely,  knowledge  of  what  the  law  actually  is." 

Kedlich  refers  to  a  later  "conception  of  the  purpose  of  legal 
education  as  a  whole ;  to  the  conception,  namely,  that  the  real 
purpose  of  scientific  instruction  in  law  is  not  to  impart  the 
content  of  the  law,  not  to  teach  the  law,  but  rather  to  arouse, 
to  strengthen,  to  carry  to  the  highest  possible  pitch  of  perfec- 
tion, a  specifically  legal  manner  of  thinking." 

How  many  among  us  have  a  materially  different  conception 
of  the  purpose  of  engineering  education ;  not  facts,  not  knowl- 
edge, but  scientific  training,  training  for  power? 

Is  it,  or  is  it  not  true  that  our  engineering  colleges  are 
successful  in  leading  the  pupils  to  think  rather  than  to  mem- 
orize, to  think  mathematically,  scientifically,  or  if  you  please 
engineeringly ?  Isn't  there  a  chance  that  some  of  us  may  go 
astray,  from  idolatry  of  the  "case,"  losing  sight  of  the 
system  of  class  work  and  the  skill  of  the  teacher,  if  these  are 
the  real  features  which  make  the  case  system  a  success,  as 
appears  to  be  true? 

Does  it  follow  that  the  system  best  adapted  to  the  empirical 
study  of  law  should  be  the  one  best  fitted  to  teach  students 
to  think  analytically  and  logically  in  engineering  subjects? 

Is  it  or  is  it  not  desirable  to  use  text-books  in  teaching 
algebra  and  geometry,  and  mechanics,  and  its  extensions  in 
structures?     With  good  teaching,  can  students  successfully 
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memorize  in  these  subjects  f  Are  they  not  required  to  think, 
and  to  analyze,  to  reason  mathematically? 

Are  we  really  taking"  a  leaf  out  of  the  case  system  if  we 
assume  a  "djTiamo  as  a  case"?  Isn't  a  case  (or  cases)  the 
source  of  the  legal  principle,  while  the  dynamo  is  derived 
from  the  theoretical  principle  rather  than  the  reverse?  Are 
the  instances  analogous? 

But  the  "case  system"  clearly  has  been  a  notable  experi- 
ment as  a  system  of  education.  It  is  not  wise  for  us  to  see,  if 
we  can,  how  much  of  the  system  is  applicable  to  engineering 
education  ? 

What  are  its  commendable  features? 

First,  the  study  of  cases  is  but  the  beginning  by  the  stu- 
dent of  the  kind  of  work  he  will  continually  do  as  a  practic- 
ing lawyer.  In  how  many  subjects  of  engineering  can  a 
similar  practice  prevail  without  sacrificing  training  value? 
How  in  a  course  in  chemistry?     How  in  a  course  in  physics? 

Second,  the  Langdell  method  of  class  instruction  by  con- 
ference and  discussion  is  well  adapted  to  secure  the  attention 
and  interest  of  the  pupils  and  to  lead  to  clear  thinking  and 
sound  reasoning  legally,  and  to  secure  a  splendid  training. 
Many  of  us  have  used  something  like  it  to  a  greater  or  less 
extent,  and  advantageously;  probably  none  of  us  as  per- 
fectly as  is  readily  possible  in  the  law  school  or  as  developed 
at  the  Harvard  Law  School.  Cannot  those  of  us  who  have 
tried  it,  use  it  to  a  greater  extent?  Cannot  those  unfamiliar 
with  it,  gain  in  teaching  efficiency  from  using  it?  In  what 
subjects  is  it  readily  available  and  in  what  apparently  inap- 
plicable ? 

Third,  the  student,  in  studying  cases,  reads  not  only  the 
decisions,  but  also  the  reasoning  and  exposition  of  legal  prin- 
ciples by  the  judge.  He  is  imitative  and  unconsciously,  per- 
haps, puts  himself  in  the  position  of  the  judge,  and  so  ac-" 
quires  to  a  considerable  degree  the  point  of  view  and  attitude 
of  the  judge.  He  acquires  gradually  the  legal  attitude.  He 
does  the  same  in  a  degree  with  relation  to  his  teacher. 

Has  this  advantage  a  ready  parallel  in  engineering  educa- 
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tion?  Does  the  engineermg  teacher  realise  the  influence  he 
unconsciously  exerts  upon  his  pupU  in  ways  not  directly  in- 
volved in  his  teaching? 

Fourth,  the  judges  have  been  selected  as  men  of  ability. 
It  naturally  becomes  their  habit  in  their  decisions  and  their 
reasoning  to  exercise  special  care  in  using  clear  and  logical 
statements  and  language.  The  student  doubtless  gains  as  a 
student  of  English  in  clarity  of  thought  and  written  state- 
ment. 

Does  engineering  education  offer  similar  opportunity? 
Should  the  teacher  do  what  he  can  in  this  direction  by  cul- 
tivating clarity  of  statement  before  his  classes? 

Fifth,  an  English  teacher  of  law,  Finch,  has  stated  of  the 
case  system: 

"But  there  is  another  element  in  legal  education  which 
distinguishes  the  law  from  other  branches  of  learning.  That 
element  is  speech. 

''We  must  encourage  the  practice  of  oral  discussion:  we 
must  revive  speech. 

*'If  you  accustom  the  student  himself  to  analyze  facts  and 
opinions  and  arguments  in  search  of  rule  or  principle,  if  you 
accustom  him  to  state  facts,  to  formulate  his  ideas  with 
facility  in  answering  questions,  if  you  encourage  him  to 
argue  debatable  questions  of  law,  you  supply  most  eflBcieht 
means  for  forming  and  developing  the  powers  of  his  mind." 

Is  it  not  possible  to  do  more  than  is  commonly  done  in 
engineering  colleges  to  accustom  pupils  to  the  practice  of 
standing*  upon  their  feet,  thinking  clearly  and  putting  their 
clear  thoughts  into  words,  tersely,  logically,  and  clearly  ex- 
pressed? To  what  extent  can  the  teacher  of  structures  or 
other  engineering  subject  use  the  time  of  his  class  in  insist- 
ing upon  statements  correct  in  form  ?  Is  the  necessity  as  great 
as  in  a  law  school  where  the  form  of  statement  may  be  the 
essence  of  the  law? 

A  case  system  is  in  use  in  Harvard  Medical  School  in  a 
half  dozen  or  more  of  subjects.  The  case  there  is  a  state- 
ment of  the  history  and  the  symptoms  of  a  patient.     The 
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''Socratic  Method"  of  discussion  is  used  to  determine  the 
diagnosis  and  treatment.  It  appears  to  be  a  suitable  and 
desirable  method  of  instruction. 

One  of  the  professors  of  the  Harvarcf  Law  School  was 
called  upon  to  teach  soldiers  in  military  tactics.  Problems 
served  as  eases;  physical,  topographical  and  military  data 
constituted  the  facts;  and  the  conference  and  discussion 
method  of  teaching  was  found  appropriate  and  successful, 
as  might  be  expected. 

It  is  doubtful,  however,  if  either  of  these  offers  opportunity 
for  as  perfect  a  use  of  the  case  system  as  is  provided  by  tak- 
ing law  cases  as  the  basis  for  instruction. 

With  these  illustrations  available,  may  it  be  asked,  what 
IS  a  I 'case"?  Is  not  a  case  a  series  of  facts  or  conditions 
constituting  a  source  from  which  a  principle  or  line  of  action 
is  to  be  developed?  Is  not  this  true  of  a  legal,  or  a  medical, 
or  a  military  case?  In  what  other  directions  do  cases  exist 
suitable  for  profitable  use  in  education  ?  In  how  many  engi- 
neering subjects  does  such  a  ease  readily  exist? 

It  should  further  be  borne  in  mind  that  Langdell  delayed 
putting  into  force  his  scheme  of  teaching  for  a  year  and  a 
half  until  he  found  time  to  prepare  his  case  book.  In  the 
Medical  School  case  books  are  already  prepared.  In  the 
military  school  a  book  of  problems  was  in  effect  a  case  book. 
Will  a  case  system  be  possible  in  an  engineering  college  with- 
out a  case  book?     Who  will  prepare  one^ 

The  writer  has  been  sufficiently  impressed  with  the  Lang- 
dell class  method,  so  that  it  has  seemed  to  him  more  appro- 
priate in  this  paper  to  raise  questions  rather  than  record 
dogmatic  opinions.  The  members  of  this  society  will  doubt- 
less prefer  to  do  their  own  thinking  in  any  event.  Why  not 
directly  encourage  them  to  do  so,  and  to  find  means  for  the 
use  of  this,  or  indeed  of  any  other  promising  method  of  class 
instruction  ? 
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Discussion. 

F.  P.  McKibben:  In  teaching  structural  engineering  the 
Case  System  is  a  flood  one.  It  is  most  suitable  to  teachers 
of  experience;  but  it  can  ibe  used  by  younger  teachers,  pro- 
dded they  be  properly  supervised  by  the  older  ones. 

There  is  another  phase  of  this  question  in  which  we  are 
interested.  Many  of  you  gentlemen  are  practitioners,  and 
serve  before  courts  as  expert  witnesses.  And  I  think  you 
have  been  probably  impressed  by  this  fact,  that  the  present 
method  of  selecting  engineers  is  not  conducive  of  the  best 
results.  Each  side  selects  its  own  engineers,  and  each  side 
usually  presents  its  o^\ti  view.  Would  it  not  be  better  for  the 
court  to  select  the  engineer  and  let  the  latter  present  the  facts 
to  the  court  and  to  the  jury  as  an  unbiased  opinion? 

A.  L.  Williston:  I  think  we  are  greatly  indebted  to  Pro- 
fessor Allen  for  this  extraordinary  interesting  description  of 
a  very  important  type  of  education,  and  one  that  has  been 
called  to  our  attention  as  a  possible  guide  for  us  in  the  ^laun 
Report.  *' 

I  think  the  description  which  Professor  Allen  has  given  us 
of  the  way  in  which  the  Case  system  is  made  to  inspire  the 
young  men  in  the  Harv^ard  Law  School,  and  in  other  law 
schools,  to  learn  to  think  with  precision  inductively  is  very 
valuable.     I  am  certainly  greatly  indebted  to  him. 

There  is  one  point  in  which  Professor  Allen  raises  a  ques- 
tion I  would  like  to  speak  of  for  just  an  instant.  Professor 
Allen,  as  I  understood  him,  referred  to  these  young  men  as 
thinking  clearly  and  accurately,  and  then  a  moment  later 
referred  to  the  men  in  our  engineering  schools  as  thinking 
clearly  and  mathematically,  as  though  the  process  of  thinking, 
to  make  the  thinking,  in  the  two  instances  was  the  same.  To 
my  mind  there  are  diametrically  opposite  mental  processes  in 
the  two  instances — the  process  of  thinking  inductively  from 
a  mass  of  facts  as  we  find  them  in  nature,  from  which  we 
must  deduce  by  induction  laws  and  principles,  and  the  method 
of  thinking  deductively  from  things  as  assumed  actions  to 
logical  and  definite  conclusions,  are  quite  different. 
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Another  point  that  seems  to  me  is  worth  mentioning,  and 
that  is  when  the  so-called  laboratory  method  was  introduced 
into  American  education  a  great  deal  was  made  of  the  im- 
portance and  the  value  of  training  in  inductive  thinking. 
Much  of  what  President  Rogers  of  the  Massachusetts  Institute 
of  Technology  said  regarding  the  system  of  education  which 
he  started  was  related  to  this  inductive  system  of  reasoning — 
the  Case  system,  the  reaching  out  for  the  facts,  and  from 
those  facts  deducing  principles  by  the  process  that  Professor 
Allen  has  described  in  the  Harvard  Law  School. 

The  question  which  really  seems  to  me  is  very  serious  before 
us  as  a  Society  is  this:  In  the  actual  practise  of  engineering 
as  it  is  practised  by  the  majority  of  men,  is  in  the  main,  the 
kind  of  thinking  required  of  engineers.  Is  it  the  deductive 
thinking  of  the  mathematician,  or  is  it  the  inductive  thinking 
of  the  physician  who  has  to  diagnose  his  case,  the  lawyer  who, 
from  a  mass  of  facts  which  appear  on  the  surface  conflicting, 
has  to  deduce  proof  ?  It  seems  to  me  personally  from  my  own 
experience  that  there  are  two  cases  perhaps  in  which  inductive 
thinking  is  required  to  one  in  which  deductive  thinking  is. 

The  real  question  that  this  charming  paper  brings  before 
us.  it  seems  to  me,  is  the  question  of  whether  we  have  as 
large  a  proportion  of  the  real  laboratory  method  of  instruc- 
tion by  means  of  which  the  trained  men  would  think  in- 
ductively as  there  is  found  in  the  conduct  of  their  practise 
later. 

Frank  J.  Goodnow:  Mr.  President,  I  do  not  tliink  that  I 
can  contribute  much  to  the  discussion  so  far  as  it  involves  the 
ability  to  transfer  this  method  to  engineering  education. 

I  have  taught  laAv  under  the  Case  system,  and  I  have  taught 
law  under  the  system  of  recitations  and  lectures.  Now,  when 
I  say  I  taught  law  perhaps  I  ought  to  make  a  qualification. 
]My  particular  work  was  in  public  law,  having  to  do  with 
constitutional  law  in  the  main,  and  I  believe  it  was  Professor 
Gray  of  Harvard,  who  after  Professor  Thayer 's  death  took  up 
the  teaching  of  constitutional  law  by  the  Case  system  or 
method,  and  who  finally  abandoned  it,  saying  that  constitu- 
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tional  law  was  not  law,  it  was  polities.  So  that  I  perhaps  am 
not  as  well'  qualified  to  speak  of  the  Case  system  as  a  good 
method  of  imparting   instruction   in   purely   legal  subjects. 

But  I  know  this  was  my  experience,  and  that  is  that  the 
interest  in  the  recitations  upon  the  part  of  the  students  was 
very  much  greater  where  cases  were  used  and  where  they 
were  not  spoon  fed  on  lectures.  There  was  not  any  doubt 
about  that.  The  boys  were  all  interested ;  they  were  on  their 
toes.  And  I  personally  would  never  try  to  t^aeh  even  that 
so-called  branch  of  the  law,  constitutional  law  in  any  other 
way  than  by  the  Case  method. 

Now,  I  was  interested  verv'^  much  in  all  of  Professor  Allan's 
paper,  but  I  was  particularly  interested  in  his  endeavor  to 
discover  what  would  be  the  "case"  in  engineering.  Upon 
thfit  point  I  cannot  contribute  anything  because  I  do  not  know 
enough  about  engineering  instruction ;  but  I  think  the  thing 
that  interested  the  student  in  the  Case  system  in  the  study  of 
law  Avas  the  fact  that  there  were  these  concrete  things,  these 
relations  in  which  individuals  can  enter  which  were  brought 
to  their  attention,  and  the  law  was  made  absolutely  real  to 
them.  It  was  a  part  of  the  life  in  which  they  lived,  and  the 
interest  that  was  aroused  as  the  result  of  that  really  was  ex- 
traordinary. I  have  had  classes  in  Columbia — the  last  class 
was  one  hundred  and  eighty  men — and  there  was  no  difficulty 
whatever  in  keeping  the  attention.  You  were  of  course 
dependent  to  a  large  extent  upon  certain  men  in  the  class. 
You  could  not  get  all  the  men ;  all  the  men  would  not  engage 
in  the  discussion.  But  even  with  as  large' a  class  as  that  you 
could  hold  their  attention. 

As  I  say,  I  do  not  know  enough  about  engineering  instruc- 
tion to  know  whether  these  concrete  and  real  things  are 
lirought  to  the  attention  of  the  engineering  student  as  they  are 
brought  to  the  attention  of  the  law  student  under  the  Case 
system;  but  if  that  can  be  accomplished  in  anj'^way,  I  think 
that  a  great  benefit  will  be  derived.  And  3'ou  probably,  I 
should  suppose,  would  have  what  I  think  was  another  result 
of  the  Case  system  in  the  law,  and  that  is  you  get  them,  as 
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you  might  say  legally  niinded.  One  of  the  great  difficulties 
in  the  teaching  of  law,  and  particularly  is  it  true  of  the  legal 
conception  of  the  layman,  and  it  is  that  there  is  a  tendency 
to  lay  too  much  stress  or  emphasis  on  general  principles,  on 
principles  of  universal  application.  Now  you  get  a  student 
who  studied  under  the  Case  system  into  a  very  cautious 
attitude  of  mind  a.bout  the  acceptance  of  any  general  prin- 
ciple which  is  of  universal  application.  We  learn  that  you 
have  got  to  study  in  detail  the  facts  of  the  particular  case 
before  you  are  in  a  position  to  reach  an  intelligent  and  wise 
determination  in  regard  to  it.  If  you  can  solve  the  problem 
that  ProfeSvSor  Allen  has  put,  that  is,  find  out  what  is  the 
thing,  that  is,  what  is  the  concrete  thing,  you  can  get  before 
the  student,  I  should  think  the  Case  system  could  be  adopted 
in  engineering  education  with  great  advantage. 

J.  J.  Flather:  Before  closing  the  discussion  on  Professor 
Allen 's  paper  I  would  like  to  say  a  word  bearing  on  the  Case 
system  in  engineering  education  as  exemplified  in  the  teacliing 
of  economies.  The  experiment  has  now  been  in  force  for 
some  three  years  at  the  University  of  Minnesota  in  which  an 
application  of  the  Case  system  is  in  use,  and  most  excellent 
results  have  been  obtained. 

The  attitude  of  the  economics  department  of  ^ur  colleges 
has  for  years  past  been  at  war  to  the  more  general  study  of 
this  subject  on  the  part  of  our  engineering  students.  These 
departments  stated  that  it  was  absolutely  necessarj^  for  the 
student  to  take  a  year's  course  in  the  elementary^  principles 
of  economics  before  he  could  go  on  with  the  economic  prob- 
lems, which  were  of  vital  interest  to  the  engineer. 

The  work  in  elementary  principles  is  arduous  and  irksome 
and  of  little  interest  to  the  engineering  student.  In  collab- 
oration with  the  various  departments  it  was  finally  decided  to 
eliminate  the  elementary  principles  and  start  right  in  on  a 
year's  course  on  engineering  problems  in  economics,  and  in 
order  to  get  the  greatest  result  out  of  the  time  spent  it  was 
decided  to  use  a  certain  advanced  textbook  which  related  to 
problems  and  in  connection  with  that  to  use  as  a  reference 
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book  the  text  in  elementary  principles,  and  still  additional  to 
that  a  Case  book  of  reference.  Hamilton's  was  the  book  used 
in  connection  with  this  subject,  in  which  abstracts  have  been 
collected  from  various  ^mters,  both  legal  and  general. 

The  method  of  teacliing  the  subject  was  by  lecture,  quiz, 
discussion,  and  recitation,  and  occasionally  by  bringing  in 
additional  men  to  discuss  it ;  but  the  reading  in  connection 
Mith  the  subject  was  contained  in  these  Case  books.  Every 
student  had  ix)  obtain  and  use  those  three  books.  There  was 
no  loss  of  time  going  to  the  library  and  looking  up  eases.  The 
student  had  his  own  reference  book,  and  it  would  now  be 
difficult  to  persuade  our  juniors  from  taking  that  course 
because  tliey  go  through  it  with  such  enthusiasm. 

C.  C.  Thomas:  It  has  been  Ijrought  home  to  me  during 
recent  experience  in  outside  work  that  very  likely  we  are 
wasting  a  great  deal  of  the  time  of  the  students  by  lectures 
instead  of  by  putting  them  to  work  on  specific  cases  and 
having  them  work  problems  out  for  themselves. 

1  think  we  can  follow  the  Case  method — the  specification 
method  if  you  like — with  great  advantage  to  the  student. 
And  in  that  connection  I  have  been  impressed  with  the  value 
of  the  cooperative  system  of  education.  I  believe  that  there 
is  a  great  deal  of  value  to  be  obtained  by  putting  young  men 
up  against  the  real  thing  at  as  early  a  time  as  possible  in  tlieir 
course.  They  will  learn  very  much  faster  there  the  matters 
connected  with  the  actual  making  of  things  than  they  will 
learn  when  they  are  detached  from  the  places  where  manu- 
facturing is  done  and  are  told  about  these  things  in  the 
class  room. 

There  is  a  certain  field  that  I  think  the  university  is  emi- 
nently able  to  fill,  and  that  is  in  elaborating  fundamental 
principles  that  can  be  taught  by  experts  in  a  university  in  a 
short  time  greatly  to  the  advantage  of  the  student.  But  I 
believe  that  there  are  many  things  which  we  are  trying  to 
teach  in  the  university  which  could  be  learned  very  much 
more  quickly  by  the  student  if  he  were  exposed  to  the  coiip- 
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erative  method,  as  it  is  called,  or  at  auv  rate  in  the  shops 
where  the  work  is  done. 

I  feel  that  the  time  in  the  university  is  none  to  long  at 
the  present  time,  but  we  can  take  the  student  further  if  we 
limit  ourselves  in  the  university  to  teaching  those  things 
which  can  be  properly  taught  in  the  class  room  or  by  cont-act 
with  the  professor  and  apart  from  the  field  of  action  in 
engineering. 


ENGINEERING  COLLEGES  AND  ADMIN- 
ISTRATION. 

BY  IRA  N.  HOLLIS, 
President,  Worcester  Polytechnic  Institute. 

It  is  difficult  to  write  anything  new  on  college  administra- 
tion. A  list  of  papers  that  have  appeared  in  our  journal 
seems  to  indicate  that  the  subject  is  threadbare.  Most  of  our 
colleges  have  taken  their  own  way,  usually  along  the  lines  of 
least  resistance,  without  much  agreement  as  to  methods.  A 
committee  of  the  society  was  formed  either  to  study  admin- 
istration or  to  write  on  the  subject,  but  up  to  this  time  little 
has  been  done.  Perhaps  the  subject  is  too  complex  for  any 
generalization.  Education  is  not  like  a  manufactured  article. 
It  cannot  be  standardized  without  losing  its  soul.  The  sue-, 
cess  of  an  institution  of  learning  is  so  much  dependent  upon 
other  things  than  administration  that  it  seems  on  the  whole 
wise  to  couple  that  subject  with  the  whole  general  question 
of  preparation  for  the  engineering  profession. 

Education  is  after  all  too  much  a  question  of  the  personality 
and  the  motive  of  the  teacher  to  submit  itself  to  well-defined 
rules,  applicable  to  all  cases.  "What  is  education?  We  can 
easily  look  up  the  definition  in  some  dictionary,  but  is  that 
enough  ?  "VYe  must  know  what  we  are  talking  about  and  agree 
upon  the  end  to  which  the  education  is  directed  before  we 
can  begin  to  discuss  administration.  That  is  my  reason  for 
associating  the  whole  general  problem  of  engineering  schools 
with  the  conduct  of  their  business  and  with  the  administra- 
tion necessary  to  carry  it  out. 

It  is  also  worth  while  to  define  college  administration. 
Heretofore  everything  outside  of  the  recitation  room  or  of  the 
preparation  of  lectures  has  been  called  administration.     One 

66 


ENGINEERING    COLLEGES    AND    -\DMINISTEATION.  67 

of  my  amusing  experiences  was  in  connection  with  a  very 
young  colored  man  who  told  me  he  was  in  the  administration, 
when  his  job  was  simply  helping  to  copy  off  marks  and  to  dis- 
tribute them.  As  a  matter  of  fact  all  the  business  of  a  uni- 
versity or  college  is  administration.  The  organization  of  the 
faculty  and  the  graduation  of  the  classes  year  after  year  all 
become  matters  of  system  especially  where  the  work  involves 
some  responsibility  and  decision.  In  this  paper  I  am  using 
the  word  to  mean  everything  outside  of  actual  teaching^ 
everything  that  interferes  with  the  teacher's  giving  his  entire' 
time  to  study  and  to  the  preparation  of  lectures;  everything 
that  modifies  in  any  way  the  companionship  of  a  teacher  with 
his  students.  The  business  function  extends  therefore  from 
the  trustees,  through  the  faculty  and  committees,  to  the 
handing  out  of  marks  and  degrees  but  never  crosses'  the  line 
of  the  professor's  real  job,  viz.,  to  turn  boys  into  good  citizens 
well  able  to  do  the  work  of  the  world. 

I  have  referred  to  the  word  education  and  I  believe  the  best 
conception  of  it  in  an  engineering  school  is  to  treat  it  as  the 
process  of  teaching  a  boy  the  habit  of  work  and  a  habit  of 
thought  in  conformity  with  the  times,  or  in  some  cases,  in 
advance  of  the  times.  The  main  thing  to  be  considered  about 
education,  however,  is  that  it  is  not  confined  to  the  four  years 
of  college  life  which  at  best  is  only  an  oasis  in  the  years  of 
three  score  and  ten.  AYe  all  know  that  an  engineer*'s  train- 
ing does  not  end  with  his  degree.  That  forms  only  the  com- 
mencement, and  yet  we  rarely  live  up  to  our  knowledge  of 
this  plain  truth;  for  we  generally  shape  the  four  years  of 
study  as  if  the  young  graduate  were  going  to  enter  at  once 
upon  his  practice  as  a  full-fledged  consulting  engineer.  Our 
Society  has  not  had  the  influence  upon  education  that  it  de- 
serves and  that  it  might  have  had  under  a  more  definite  and 
outspoken  program. 

Few  engineering  schools  have  ever  had  the  courage  to  take 
the  plunge  into  a  curriculum  less  closely  connected  with  the 
commercial  needs  of  the  student  immediately  after  gradua- 
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tion,  and  for  that  reason  the  engineering  profession  is  often 
little  esteemed.  In  the  thought  of  the  public  it  ranges  from 
the  blue-print  boy  in  the  drafting  room  to  the  man  who  holds 
the  responsibility  for  building  a  great  waterway,  a  great 
battleship  or  continental  railroad.  There  is  evidence  among 
our  own  members  of  vague  and  unsatisfactory  classification. 
The  American  Society  of  Civil  Engineers  is  a  well-organized 
association  of  experienced  and  capable  men  in  our  profession. 
There  is  no  room  in  it  for  young  draftsmen.  A  member  must 
have  demonstrated  his  fitness  for  directing  important  work. 
The  American  Association  of  Engineers  founded  a  few  years 
ago  in  Chicago  is  essentially  a  union  not  unlike  the  federa- 
tion of  labor  for  the  benefit  of  its  members.  I  am  not  trying 
here  to  make  an  argument  for  or  against  either  of  these  two 
engineering  societies,  as  wide  apart  as  the  poles  in  some  of 
their  ideals.  But,  which  one  of  them  represents  the  end  to 
which  we  as  teachers  are  aiming?  Undoubtedly  draftsmen 
are  needed  and  are  useful  in  the  work  of  our  profession  and 
some  men  will  always  remain  draftsmen.  "With  equal  cer- 
tainty great  engineers  will  spring  out  of  the  obscurity  of 
small  places  and  small  schools ;  but  which  type  shall  our  engi- 
neering schools  prepare  to  educate?  Does  the  draftsman 
come  from  a  school  of  a  lower  grade  than  the  finished  engi- 
neer or  is  the  drafting  room  simply  one  step  between  the  tech- 
nical school  and  the  profession  of  engineering? 

About  twenty  years  ago  an  old  gentleman  in  Boston  who 
had  inherited  and  increased  a  great  fortune,  obtained  through 
the  work  of  engineers,  expressed  the  view  that  engineering 
colleges  should  be  organized  to  train  routine  men ;  that  is.  men 
to  fill  subordinate  positions.  While  his  money  had  come 
through  the  work  of  engineers  he  was  voicing  simply  the  de- 
sire and  understanding  of  many  trustees  and  founders  of 
technical  schools  in  America.  They  wish  to  provide  the  kind 
of  men  turned  out  by  the  German  technical  schools  of  the 
lower  grade.  It  must  be  confessed  that,  while  our  professors 
have  not  this  thought,  the  effect  of  their  teaching  and  organi- 
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zatiou  has  been  to  carry  out  the  idea  of  graduating  men  for 
a  professional  trade,  and  our  four-year  courses  have  in  many 
eases  amounted  to  simply  advanced  vocational  training.  In 
a  few  cases  there  has  been  a  distinct  recognition  of  higher 
education  but  in  the  main  the  organization  has  been  planned 
for  the  graduation  of  engineers  as  young  and  as  speedily  as 
possible. 

The  articles  upon  administration  appearing  in  our  Journal 
during  the  past  few  years  have  usually  referred  to  the.  effi- 
ciency of  education  as  appears  from  the  following  brief  list : 

1.  "Efficiency  in  Engineering  Education,"  by  Henry  S.  Mun- 

roe.     (1910.) 

2.  "The  Application  of  Scientific  Management  to  the  Oper- 

ating of  Colleges,"  by  S.  Edgar  Whitaker.     (1912.) 

3.  "Operating  Engineering  Schools  under  Scientific  Manage'- 

.  ment,"  by  H.  Wade  Hibbard.     (1912.) 

4.  "Scientific  Management  in  College,"  by  Earl  F.  Palmer.. 

(1912.) 

5.  "Academic  Efficiency,"  by  H.  H.  Person.     (1913.) 

6.  "The  Relation  of  the  Administrative  Department  to  the- 

Teaching,"  by  C.  R.  Mann.     (1914.) 

7.  "Academic  Efficiency,  Undefined  and  Unrewarded,"  by  L. 

M.  Passano.     (1914.) 

8.  "Efficiency  in  College  Administration,"  by  S.  B.  McCor- 

miek.     (1915.) 

9.  "A  Plea  for  the  Further  Study  of  Efficient  Methods  in  the 

Administration  of  an  Engineering  College,"  by  C.  C. 
Morris.  (1916.) 
Efficiency  like  a  medicine  must  be  taken  in  proper  doses  ad- 
ministered by  a  wise  doctor  if  it  is  to  have  its  high  usefulness 
to  an  institution  of  learning.  Wherever  it  takes  the  soul  out 
of  teaching  or  makes  the  records  and  the  systems  of  more  ac- 
count than  the  actual  education  of  the  student,  efficiency  is 
worthless.  We  have  an  example  of  that  in  the  organization 
of  an  entire  nation  to  do  its  work  and  to  secure  a  place  under 
the  sun.    No  nation  has  paid  so  much  attention  to  the  careful 
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selection  of  men  for  the  paths  that  have  been  marked  out  for 
them  by  a  ruling  class.  The  German  method  was  introduced 
into  America  years  ago  and  we  passed  through  a  period  of 
worship  of  everything  German  from  the  workshop  to  the  uni- 
versity. As  a  matter  of  fact  their  efficiency  has  betrayed  the 
Germans  into  a  false  conception  of  their  mission  on  this  earth 
and  into  an  entirely  unnatural  opinion  of  their  relation  to  the 
Almighty.  We  find  the  professors  in  Germany  throwing  the 
truth  to  the  dogs  in  order  to  assist  Germany  in  obtaining 
dominion  over  the  world.  They  have  appealed  to  the  passion 
of  their  countrymen  to  promote  the  ambition  of  themselves  as 
super  men.  There  is  no  greater  curse  to  a  nation  or  to  an 
institution  than  the  blind  worship  of  efficiency.  The  word 
has  a  high  and  fine  significance  when  properly  applied  to  the 
development  of  men  and  women. 

"There  is  one  glory  of  the  sun  and  another  glory  of  the 
moon  and  another  glorj'  of  the  stars;  for  one  star  differeth 
from  another  star  in  glor}-."  Something  similar  may  be  said 
of  efficiency.  There  is  one  kind  of  efficiency  of  the  hand, 
another  of  the  body,  another  efficiency  of  the  mind  or  brain 
and  another  of  human  beings  when  acting  in  the  mass.  Yet 
they  are  inseparable  in  their  influence  upon  civilization  and 
iappiness  just  as  the  glory  of  the  moon  is  inseparable  from 
the  glory  of  the  sun.  "We  as  teachers  have  separated  them,  but 
mainly  through  inability  to  look  upon  education  in  a  large 
•enough  way.  We  must  define  then  what  we  expect  to  attain 
before  we  can  lay  down  even  the  trace  of  a  road  towards 
proper  efficiency.  We  are  in  a  position  like  that  of  a  gunner 
who  is  firing  the  long-range  shell  at  an  invisible  target.  Cal- 
culations, and  study,  and  allowances  must  be  made  and  then 
the  gunner  cannot  be  certain  that  he  is  going  to  hit. 

The  schools  of  engineering  are  all  trying  to  produce  citi- 
zens who  through  their  education  and  training  are  efficient 
in  hand,  body  and  mind.  Any  plan  that  sacrifices  one  of  these 
to  the  other  takes  away  from  the  value  of  our  system  of  edu- 
cation.   It  may  be  well  enough  for  a  manufacturing  concern 
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to  promote  skill  with  the  hand  but  we  cannot  limit  ourselves  in 
that  way.  The  production  of  an  article  of  commerce  by  a 
system  that  will  either  make  the  most  money  for  a  corporation 
or  sell  at  the  lowest  price  in  competition  with  other  corpora- 
tions has  been  called  efficiency.  The  development  and  use  of 
the  maximum  amount  of  our  natural  resources  has  also  been 
called  efficienc^^  No  writer  has  ever  seemed  to  think  of  the 
finest  thing  that  nature  produces,  men  and  women,  as  being 
the  object  to  which  efficiency  should  be  directed.  Any  reduc- 
tion in  the  cost  of  an  article,  in  the  time  and  effort  to  pro- 
duce the  article,  without  taking  into  consideration  the  human 
relation  of  labor  to  our  whole  social  life,  leads  to  a  one-sided 
view  of  efficiency.  What  is  the  good  of  a  cheaper  article  if 
strikes  are  promoted?  What  is  the  good  of  anything  in  our 
modern  industrial  system  if  we  are  kept  eternally  on  the 
rack?  To-day  no  one  knows  what  is  coming  oiit  of  the  read- 
justment period  following  the  war,  mainly  because  we  have 
had  only  a  one-sided  view  of  efficienc3^  Few  manufacturers 
have  ever  directed  their  attention  to  the  proper  education  of 
their  own  workmen  in  ordinary  everyday  economic  truth.  I 
refer  to  this  whole  question  here  not  because  it  is  entirely  per- 
tinent to  the  subject  under  discussion  but  in  the  hope  that  we 
may  not  overwork  efficiency  in  our  effort  to  improve  the  engi- 
neering schools. 

It  would  be  a  mistake  to  dwell  too  much  on  the  material 
side  of  education.  In  colleges  attention  is  often  called  to  effi- 
ciency in  the  use  of  rooms,  efficiency  in  the  use  of  laborator- 
ies, efficiency  in  the  hour  plan.  Seldom  is  attention  called  to 
that  organization  which  serves  to  make  men.  Any  system  is 
good  that  will  permit  the  teacher  to  do  his  work  and  to  main- 
tain that  happy  relation  found  in  the  term — master  and 
pupil.  One  has  only  to  go  back  to  the  fourth  and  fifth  cen- 
turies before  Christ  to  find  in  Greece  exactly  that  relation 
under  which  Athens  developed  in  the  leadership  in  art,  litera- 
ture, the  drama,  and  even  in  the  origin  of  science.  We  still 
go  back  to  that  fifth  century  as  the  fountain  head  of  every- 
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thing  that  we  have,  and  it  was  done  mainly  through  the 
schools  such  as  that  of  Socrates  and  his  pupils,  of  Plato  and 
his  disciples,  of  Pythagoras  and  his  secret  society  on  mathe- 
matics. Furthermore,  the  best  that  we  have  to-day  in  real 
teaching  is  the  relation  of  great  masters  to  their  pupils.  It 
may  be  said  that  there  are  few  great  masters.  There  would 
be  more  if  our  organization  of  colleges  would  only  permit  the 
type  of  teaching  and  class-room  work  that  form  a  fruitful 
soil.  I  consider  Mr.  Taylor's  work  on  system  in  manufacture, 
called  "'Scientific  Management,"  perhaps  the  most  important 
contribution  that  we  have  had  in  industrial  science  during 
this  generation,  because  after  all  our  principal  development 
concerns  great  masses  of  people.  At  the  same  time  it  is  very 
easy  to  carry  a  system  too  far,  especially  when  applied  to  a 
department  where  it  cannot  be  made  to  fit.  Scientific  man- 
agement in  college  education  is  absurd.  We  all  know  that 
there  are  faults  and  we  all  strive  to  correct  them  but  we  also 
know  that  in  the  relation  of  man  to  man  and  student  to  pro- 
fessor there  is  no  such  thing  as  scientific  management. 

I  should  like  to  make  a  confession  here  of  views  that  have 
gradually  become  convictions  in  the  twenty-six  years  that  I 
have  been  in  teaching  at  Harvard  College  and  the  "Worcester 
Polytechnic  Institute.  "Wliat  should  be  the  relation  of  a 
teacher  to  administration  ?  I  look  upon  a  good  teacher  as  the 
best  that  a  college  can  offer.  The  teachers  are  of  far  more 
importance  to  a  university  or  coUege  than  even  the  graduate 
body  or  the  students  themselves,  because  their  influence  is 
felt  far  beyond  the  academic  walls.  It  is  to  them  that  the 
graduates  and  students  and  the  public  look  for  the  mainte- 
nance of  our  ideals  in  America,  and  it  is  their  influence  joined 
with  that  of  the  ministry  that  is  the  most  far-reaching.  A 
man  of  high  character  and  fine  human  qualities  in  the  class- 
room is  so  far  superior  to  any  system  of  administration  that 
the  routine  of  study  is  soon  forgotten  under  the  influence  of 
such  a  teacher.  There  should  be  as  little  administration  con- 
nected with  such  a  man  as  may  be  consistent  with  carrying 
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on  the  business,  to  the  end  that  teachers  may  not  be  dis- 
tracted from  what  is  the  main  purpose  of  their  employment. 
When  a  graduate  carries  into  practical  every-day  life  the 
memory  of  his  association  with  an  unselfish  friend  under 
whom  he  sat  in  the  classroon;  he  has  a  lasting  and  real  in- 
fluence for  good. 

We  have  lost  a  sense  of  true  values  in  the  intense  commer- 
cial struggle  of  this  century  and  in  America  we  are  too  quick 
to  look  upon  a  transfer  from  teaching  to  administration  as  a 
promotion.  It  is  a  great  misfortune  to  a  college  and  to  the 
teacher  himself  if  he  is  taken  from  a  highly  successful  rela- 
tion to  students  to  be  put  into  administration,  however  well 
he  may  develop  therein.  I  well  recall  in  the  life  of  one  of 
my  friends  the  gradual  lapse  from  teaching  and  investigation 
into  the  business  of  a  large  university  department,  and  I  can- 
not help  but  feel  that  while  the  university  gained  a  fine  effi- 
cient man  in  its  business  the  world  lost  one  of  the  best  in- 
vestigators and  inspiring  teachers  I  have  ever  known.  Who 
could  imagine  a  man  like  William  James,  or  Longfellow,  or 
Bankine,  or  Weisbach,  or  Rowland,  or  Aggasiz,  expending 
his  thought  and  effort  on  details  of  administration?  It  may 
be  said  that  such  men  are  exceptional.  They  are,  and  it  is  our 
misfortune  in  the  teaching  profession  that  they  include  no 
engineers,  and  that  they  will  become  more  exceptional  in  our 
present  commercial  attitude  towards  all  education. 

It  has  sometimes  been  suggested  that  we  do  not  make  a 
proper  statistical  study  of  education  and  that  therefore  we 
lose  efficiency.  It  might  very  well  be  asked,  who  is  to  make 
the  study?  I  have  in  mind  the  kind  of  an  investigation  that 
was  started  in  one  of  our  great  universities  many  years  ago  to 
determine  the  effectiveness  of  the  university  teaching.  A 
questionnaire  was  sent  out  by  the  business  office  calling  for  in- 
formation on  all  kinds  of  aetiviti.^s.  The  thing  finally  became 
a  joke  because  some  of  the  best-known  teachers  in  this  country 
were  asked  for  the  number  of  hours  in  the  class  room,  the 
number  of  hours  required  for  direct  preparation  of  subjects 
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to  be  presented  to  students,  and  the  number  of  hours  required 
for  indirect  preparation.  Can  any  one  picture  the  attitude  of 
mind  of  Mr.  James  when  he  was  called  upon  to  tell  a  clerk  the 
number  of  hours  of  indirect  preparation  for  his  lectures  on 
philosophy?  You  cannot  m^sure  teaching  by  statistics. 
The  influence  of  a  fine  teacher  is  something  beyond  price  and 
the  determination  of  class-room  contents,  standardization, 
the  number  of  recitations  a  week,  the  cubic  feet  of  air  for 
each  student,  and  other  factory  equivalents  seem  ridiculous 
when  measured  up  against  the  services  of  master  to  pupil. 
Some  reports  have  been  published  by  the  Carnegie  Founda- 
tion and  yet  in  all  these  matters  relating  to  efficiency  I  have 
been  struck  b.v  a  certain  futility.  One  might  as  well  take  up 
the  ideals  of  a  people  by  counting  the  number  of  hours  of 
attendance  upon  church  in  the  course  of  a  year,  the  number  of 
square  feet  per  christian  attending,  and  the  salary  of  the 
preacher  per  member  of  the  church.  As  a  matter  of  fact 
teaching  cannot  be  standardized  in  its  highest  sense.  It  is 
better  to  tolerate  some  waste  of  money  than  to  permit  the 
morale  of  the  teaching  force  to  decrease  and  in  that  way  to 
encourage  waste  of  real  brain  matter. 

Success  in  teaching  is  measured  by  the  seriousness  of  pur- 
pose of  the  teachers  themselves.  "We  all  know  of  course  that 
certain  sides  of  administration  can  be  treated  very  much  as 
the  management  of  a  factory.  Care  of  buildings  and  grounds, 
the  upkeep  of  apparatus  and  materials  so  that  they  will  not 
deteriorate,  and  the  procurement  of  materials  needed  for  the 
laboratories,  would  classify  themselves  naturally  under  some 
kind  of  scientific  management  because  the  teacher's  time 
ought  not  to  be  occupied  with  administration  details  any 
more  than  is  absolutely  necessary.  Therefore,  some  kind  of  a 
business  management  ought  to  be  devised  to  assist  them  and 
direct  the  time  of  the  students.  How  many  college  teachers 
of  anj'  quality  are  there  in  the  United  States  who  will  work 
under  a  system  of  scientific  management  directed  by  men  who 
have  no  share  in  the  teaching?     There  are  verv  few.     There 
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ought  to  be  some  rules  but  the  chief  end  is  to  educate  a  boy 
or  girl  and  to  make  a  first-class  citizen,  not  a  machine  that  has 
been  through  a  shop  and  perfected  by  a  certain  routine  method 
or  for  a  certain  definite  purpose.  Administration  may  well  be 
directed  to  one  point  and  that  is  the  payment  of  professors 
so  that  they  may  have  enough  to  live  on  with  leisure  to  think 
about  their  profession.  That  is  a  fundamental  question  be- 
fore the  American  people.  If  it  is  answered  properly,  good 
men  will  turn  naturally  to  the  teaching  profession  instead  of 
turning  first  to  commercial  positions  as  giving  them  a  better 
chance  to  bring  up  their  families.  We  have  too  many  cases 
of  poverty  among  teachers. 

The  tendency  of  modern  times  is  towards  scientific  meth- 
ods. Everything  is  reduced  to  a  statistical  or  tabulated  basis 
and  it  does  not  seem  to  be  worth  anything  unless  placed  on 
the  ordinary  rectilinear  curve.  It  is  a  good  thing  in  any 
country  to  get  rid  of  illiteracy  and  to  train  every  youth  to  do 
something  so  that  his  hands  may  not  be  idle  but  any  system 
that  shrivels  up  the  soul  is  essentially  bad  for  humanity*  and 
for  the  individual.  Furthermore,  any  development  that  lacks 
the  spiritual  element  renders  science  a  real  danger  to  man- 
kind. We  have  evidence  of  that  in  this  war.  I  have  asked 
the  question  in  another  place  "Is  science  safe  for  human  be- 
ings ?  "  It  has  been  used  for  the  last  four  years  in  destroying 
property  and  in  shedding  the  blood  of  the  finest  that  our  na- 
tion has  produced.  Every  invention  and  energy  has  been  put 
to  making  science  destructive  rather  than  constructive.  We 
have  the  element  of  danger  always  before  us  by  putting  into 
the  hands  of  a  few  unbalanced  extremists  power  to  destroy 
men,  women,  children  and  property.  The  newspapers  are 
filled  with  stories  of  crimes  perpetrated  by  those  who  have 
used  science  without  conscience.  What  gives  this  whole  Bol- 
shevik movement  its  hold  but  science  combined  with  ignorance 
and  a  lack  of  conscience?  Our  ideals  in  engineering  educa- 
tion should  take  account  of  this  fact  and  the  system  should 
be  primarily  a  training  in  conscience  and  the  will  to  do  right 
first,  and  then  a  technical  education. 
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It  is  well  worth  while  to  review  briefly  the  types  of  organi- 
zation to  be  found  in  education.  Reference  has  already  been 
made  to  the  most  flourishing  period  of  Greek  history  when 
the  Greeks  rapidly  came  to  the  front  in  everything  that  lies 
at  the  basis  of  human  life  and  happiness.  The  only  thing 
they  did  not  have  was  the  exair.ple  of  Jesus  Christ  but  Christ 
patterned  his  methods  on  that  of  the  Greek  schools.  A  man 
like  Socrates  would  set  up  what  practically  amounted  to  a 
course  of  lectures  in  the  market  place  or  elsewhere  and  his 
disciples  would  follow.  Education  has  never  flourished  as  it 
did  under  those  men.  There  was  no  thought  of  efficiency  or 
system  or  organization — it  was  master  and  pupil  or  master 
and  disciple.  This  type  of  school  has  extended  down  to  our 
own  times.  It  is  ^^hat  is  meant  by  the  saying  that  Mark 
Hopkins  on  one  end  of  a  log  and  a  student  on  the  other 
constitute  a  university.  That  seemed  to  be  ^Ir.  Agassiz' 
theory  when  he  went  in  1847  as  a  professor  to  Harvard  Col- 
lege. He  practiced  exactly  that  type  of  teaching — master 
and  -disciple — and  under  him  natural  science  immediately 
became  popular  in  the  United  States.  His  pupils  have  been 
marked  men  especially  those  who  studied  under  him  in  the 
little  old  wooden  museum  at  Cambridge.  Every  one  of  them 
achieved  distinction.  There  is  an  example  of  this  in  the  Ger- 
man universities  where  the  professor  gives  his  lectures  to 
those  who  choose  to  enter  his  courses.  In  a  university,  where 
there  are  many  professors  and  many  students  some  system 
has  to  be  adopted  so  that  the  lectures  are  not  all  given  at  the 
same  hour.  Organization  and  administration,  however,  are 
never  concerned  with  the  class-room  work.  That  is  entirely 
a  function  of  the  professor.  Even  in  the  technical  schools 
of  Germany  something  of  this  idea  prevails.  I  well  recall 
some  lectures  that  I  attended  in  Charlottenburg  when  I  was 
making  a  study  of  the  German  technical  school  system.  One 
lecture  on  the  compound  engine  was  given  by  a  professor  who 
invited  me  to  go  into  the  class  room  with  him.  He  was  polite 
and  there  he  introduced  me  to  the  two  hundred  and  fifty  stu- 
dents sitting  in  front  of  him.     The  lecture  lasted  one  hour 
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and  a  half.  There  was  no  textbook,  no  record  of  attendance, 
no  conversation  with  the  students.  The  lecturer  simply  went 
into  the  room,  gave  his  lecture,  and  then  walked  out,  the  stu- 
dents being  left  to  do  the  best  they  could  to  study  up  on  the 
subject  through  text-books  that  they  found  in  the  library  or 
elsewhere.  I  do  not  recall  even  any  conferences  with  the 
professors  and  I  did  ncft  see  such  a  thing  as  a  recitation.  The 
main  evidence  of  administration  at  Charlottenburg  was  the 
annual  report  written  by  the  rector. 

A  modification  of  the  German  system  was  found  at  Har- 
vard University  under  the  unlimited  elective  system  where  a 
student  could  take  practically  what  he  wished  and  graduate 
after  four  years  of  study,  having  completed  seventeen  and  a 
half  courses.  This  system  has  been  modified  so  that  all  stu- 
dents are  required  to  concentrate  on  a  major  subject  and  to 
skate  around  many  minor  subjects,  but  at  Harvard  the  at- 
tendance was  taken  and  there  was  some  requirement  as  to 
annual  examinations.  The  proposed  new  system  at  Harvard 
is  to  have  examinations  at  the  end  of  the  four  years  of  study 
on  all  the  major  subjects  that  students  have  taken.  This 
means  of  course  that  no  student  can  get  through  without  a 
good  general  knowledge  of  at  least  one  subject.  Of  one  thing 
a  visitor  at  Cambridge  might  be  certain — he  would  find  the 
class  rooms  of  professors  crowded  if  the  lectures  were  pre- 
sented by  a  man  of  real  gift. 

The  most  organized  type  of  higher  education  is  found  in 
the  prescribed  systems  of  small  colleges.  They  used  to  be 
classical  and  some  still  are  classical  but  we  have  added  all 
kinds  of  up-to-date  subjects  in  most  cases  with  a  little  election 
during  the  junior  and  senior  years.  Engineering  schools, 
however,  have  as  a  rule  a  rigidly  prescribed  course  of  study 
beginning  where  the  high  schools  leave  off  and  continuing 
through  four  years  gradually  becoming  more  and  more  pro- 
fessional. Usually  the  first  year  is  the  same  for  all  branches 
of  engineering  and  the  last  year  is  exclusively  technical. 

The  net  result  of  this  preliminary  consideration  brings  us 
to  the  question,  What  is  the  place  of  an  engineering  school. 
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and  what  should  it  acomplish?  This  has  a  very  direct  bear- 
ing upon  its  administration.  Another  question  might  be 
added,  ^lust  there  be  only  one  type  of  engineering  school? 
It  seems  to  me  foolish  to  lay  any  stress  on  the  method  or  type 
as  being  the  final  word.  No  engineering  education  can  be 
standardized  without  running  the  risk  of  losing  much  that  is 
valuable  in  the  individuality  of  different  teachers.  As  a 
matter  of  fact  most  men  make  themselves  and  a  course  of 
study  has  little  to  do  with  the  magnitude  of  their  careers. 
Often  it  has  nothing  whatever  to  do  with  their  occupation  in 
life.  Any  school  will  prove  this  fact  and  make  plain  that 
a  man's  chief  education  comes  with  experience  in  life  and 
from  study  after  graduation,  sometimes  retarded  by  a  course 
of  study  which  has  to  be  unlearned.  The  man's  education, 
however,  must  be  his  own  if  he  is  to  achieve  any  distinction 
"whatever. 

I  take  as  an  illustration  of  a  rigidly  prescribed  course,  the 
United  States  Naval  Academy,  because  I  am  familiar  with  it 
and  because  it  is  one  of  the  best  examples  of  a  curriculum 
that  has  no  elasticity.  In  the  first  place  it  is  strictly  utilita- 
rian in  the  sense  that  no  attention  is  paid  to  anything  that 
does  not  count  towards  the  training  of  a  naval  officer  for  sea 
duty  and  for  a  limited  number  of  international  problems  that 
ma\'  arise  between  our  country  and  foreign  nations.  Every- 
thing that  does  not  find  a  use  is  excluded.  There  is  no  great 
attempt  at  real  teaching.  It  is  a  "siuk-or-swim"  method. 
The  lessons  are  given  out  and  the  midshipman  must  learn 
them  for  himself  or  fail.  It  is  really  a  case  of  intensified 
training  and  discipline  and  then  of  careful  weeding.  Our 
courses  in  engineering  schools  must  necessarily  be  on  a 
broader  basis  because  we  never  know  beforehand  just  what 
branch  of  the  profession  our  graduates  are  going  into.  That 
often  is  a  question  of  opportunity  and  the  industrial  condi- 
tion of  the  country.  Nevertheless  the  great  majority  of  engi- 
neering schools  are  like  the  Naval  Academy  minus  the  dis- 
cipline. The  Navy  always  knows  what  its  graduates  are  go- 
ing to  do  and  the  energies  and  organization  can  therefore  be 
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directed  to  that  one  thing — to  make  men  for  the  best  fighting 
machine  in  the  world  and  to  fulfill  its  purpose  and  function 
better  than  any  school  in  the  United  States  or  perhaps  in  the 
world.  Theodore  Roosevelt  once  told  me  that  he  considered 
the  Naval  Academy  the  finest  school  in  the  world,  meaning  by 
that  that  it  carried  out  its  function  better  than  any  place 
else  in  doing  what  it  set  out  to  do.  And  what  is  the  result? 
It  produces  good  officers  who  have  shown  in  this  late  war 
their  capacity  to  work  efficiently  and  enthusiastically.  But 
it  goes  further  in  that  it  graduates  a  large  percentage  of  men 
who  leave  the  Navy  and  go  into  other  professions  entirely 
outside  of  the  course  of  study.  They  obtain  their  education 
for  their  work  on  top  of  the  Naval  Academy  training  which 
is  valuable  only  through  its  discipline.  It  is  easy  to  show 
what  graduates  of  the  Naval  Academy  have  been  capable  of 
doing  by  simply  naming  a  few  of  them :  In  history,  Alfred  T. 
Mahan,  who  opened  up  a  new  field  for  historians.  In  litera- 
ture, Winston  Churchill,  Cyrus  Townsend  Brady,  whose 
novels  most  of  us  have  read.  In  invention,  Frank  J.  Sprague, 
the  father  of  the  trolley  system.  In  education,  Mortimer  E. 
Cooley,  who  built  up  the  first  great  engineering  department 
in  a  university.  In  business.  Homer  L.  Ferguson,  lately 
elected  president  of  the  U.  S.  Chamber  of  Commerce. 

It  is  not  intended  here  to  give  any  list  of  the  graduates  of 
the  Naval  Academy  who  have  distinguished  themselves  out- 
side of  the  Navy  and  the  purpose  of  this  reference  is  only  to 
show  that  men  who  have  acquired  the  power  of  application 
and  the  initiative  to  do  something  with  themselves  are  not 
dependent  in  any  way  upon  the  curriculum  of  any  school,  its 
organization,  or  its  administration.  They  find  their  chief 
stimulus  either  within  themselves  or  from  teachers  like  Louis 
Agassiz.  We  get  back  then  to  the  question  asked  before — 
What  is  the  purpose  of  an  engineering  school  ?  It  is  to  train 
a  large  number  of  men  for  the  ordinary  business  of  engineer- 
ing, leaving  to  the  exceptional  who  are  capable  of  striking 
out  into  new  fields  the  education  of  themselves.  An  engi- 
neering school  may  well  have  a  semi-military  character  as  the 
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Student  is  to  graduate  into  a  profession  requiring  system  and 
accuracy  but  it  does  not  follow  that  he  must  be  turned  into  a 
machine  by  methods  reduced  to  a  standard. 

We  have  certain  illusions  in  our  schools.  One  of  these  is 
that  a  teacher  of  engineering  is  a  great  asset  if  he  continues 
his  activities  in  the  practice  of  his  profession.  As  a  matter 
of  fact  he  is  often  a  brake  upon  the  development  of  first-rate 
teaching.  If  he  is  a  good  teacher,  the  time  spent  in  outside 
business  is  a  distinct  loss  to  the  institution  with  which  he  is 
connected.  There  is  a  lot  of  loose  talk  about  keeping  up  with 
the  advance  of  science  and  its  newest  applications.  "NVe  in 
engineering  education  know  that  the  fundamentals  are  more 
important  than  anything  else,  and  that  the  best  method  of 
keeping  up  with  the  times  is  to  learn  the  best  method  of  pre- 
senting fundamentals,  not  of  keeping  an  array  of  facts  before 
our  students,  even  though  these  facts  spring  from  the  latest 
investigations.  A  man  cannot  ride  two  horses  except  in  the 
circus  ring.  The  work  of  an  engineering  school  is  far  more 
fundamental  than  the  latest  advances  which  in  their  turn  in 
a  very  few  years,  often  before  the  young  graduate  has  really 
gotten  into  his  profession,  become  the  antiquated  practice  of 
a  rapidly  receding  past.  We  are  in  the  profession  of  teach- 
ing and  time  spent  in  studying  the  methods  of  presenting  a 
subject  to  students  is  far  more  valuable  than  the  same  time 
put  into  practical  application.  America  has  been  a  partial 
failure  in  its  engineering  schools  because  it  has  developed 
ver>'  few  writers  of  first  quality.  Our  books  are  usually  slip- 
shod, prepared  at  odd  hours  between  the  .preparation  of  lec- 
tures and  the  practice  of  consulting  engineering,  simply  be- 
cause our  teachers  have  been  encouraged  to  supplement  their 
insufficient  salaries  by  outside  work.  We  are  thus  in  the 
habit  of  flattering  ourselves  with  the  thought  that  we  are 
keeping  up  with  the  times.  The  only  really  practical  advan- 
tage in  a  teacher's  connection  with  outside  work  is  that  he 
stimulates  the  imagination  of  his  students  and  in  that  way 
obtains  from  them  a  larger  measure  of  effort  and  interest. 

Another  illusion  that  is  common  to  colleges  is  that  the  sub- 
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jects  taught  in  an  engineering  school  must  necessarily  be  less 
broadening  than  the  subjects  in  non-professional  colleges. 
That  is  not  true  of  the  engineering  school  that  devotes  itself 
mainly  to  fundamentals.  There  is  not  a  subject  fit  to  be 
taught  in  a  technical  school  that  cannot  be  broadened  and 
enlarged  to  make  it  a  real  education.  In  1893  the  engineer- 
ing courses  at  Harvard  College  were  completely  revised  and 
every  one  of  them,  except  the  workshop  courses  which  were 
almost  exclusively  hand  work,  were  accepted  as  part  of  a 
liberal  education  for  the  A.B.  degree.  This  was  freely 
granted  by  the  teachers  of  classics  and  others  on  the  Harvard 
staff.  Unfortunately  all  teaching  for  the  profession  of  engi- 
neering was  given  up  when  the  agreement  was  made  with  the 
Massachusetts  Institute  of  Technology. 

The  administration  of  a  college  differs  ordinarily  from  that 
of  a  business  corporation  in  that  it  must  -be  more  democratic 
and  must  take  more  account  of  the  wishes  of  those  who  are 
employed  in  its  service,  and  the  teaching  force  must  be  con- 
sulted and  controlled  only  so  far  as  to  hold  the  institution 
together.  A  good  teacher  can  always  do  his  best  work  when 
free  to  direct  his  energy  in  the  manner  he  considers  most  ad- 
vantageous to  his  students  and  in  a  way  that  will  develop  his 
own  thought  as  well.  His  profession  confers  upon  him  re- 
sponsibilities and  privileges  on  economic,  social  and  scientific 
questions  sometimes  difficult  to  reconcile  with  the  views  of 
boards  of  trustees;  hence  the  discussion  of  the  words  "aca- 
demic freedom."  On  the  whole  it  is  better  that  a  teacher 
should  be  free  to  discuss  any  subject  so  long  as  he  does  not 
disgrace  himself  or  degrade  the  institution,  and  this  applies 
to  engineering  schools  as  well  as  to  the  larger  universities. 
When  we  contrast  the  behavior  of  our  professors  under  a 
system  that  does  not  put  restrictions  upon  them  or  require 
any  special  doctrine  to  be  taught  with  the  behavior  of  the 
German  professors  and  their  betrayal  of  both  profession  and 
country  in  the  support  of  military  Prussia  we  must  find  a 
real  reason  for  congratulating  ourselves  upon  the  freedom  of 
thought  in  the  universities,  colleges  and  technical  schools  of 
7 


82  ENGINEERING    COLLEGES    AND    ADMINISTRATION. 

our  country.  Fortunately  we  have  no  privately  endowed  in- 
stitutions that  have  any  tendenej'  to  inflict  upon  their  teach- 
ers a  particular  political  partisanship  or  any  phase  of  aca- 
demic doctrine. 

College  administration  must  take  account  of  the  fact  that 
the  highest  aim  in  any  school  is  enlightened  citizenship  in 
this  republic,  in  addition  to  the  specialties  for  which  the 
school  is  founded.  In  this  regard  we  sometimes  are  tempted 
to  separate  the  technical  school  from  the  ordinary  college  but 
the  purposes  are  not  essentially  different  and  we  may  better 
emphasize  the  likeness  rather  tlian  the  differences.  An  engi- 
neering school  is  intended  to  supply  a  young  man  with  at 
least  the  introduction  to  a  profession  as  well  as  his  general 
education,  ^\■]lile  the  college  attempts  merelj'  a  general  edu- 
cation as  a  basis  for  subsequent  professional  study.  Atten- 
tion has  already  been  called  to  the  fact  that  most  of  the  sub- 
jects in  an  engineering  school  if  properly  taught  are  capable 
of  being  broadened  out  into  a  general  education.  It  is  en- 
tirely a  matter  of  emphasis  and  the  personality  of  the  teacher. 
We  bear  much  of  the  broadening  of  a  great  university  and 
yet  the  broadening  springs  largely  from  the  fact  that  the  uni- 
versity has  money  enough  to  employ  teachers  to  whom  a  large 
amount  of  leisure  for  thought  and  stud}*  is  given.  A  good 
man  has  a  broadening  influence  without  much  regard  for  the 
subject  that  is  taught.  Greater  consideration  ought  to  be 
given  to  the  type  of  man  who  is  teaching.  A  really  inspiring 
teacher  could  make  of  a  course  on  steam  pumps  something 
vastly  more  effective  even  in  the  teaching  of  English  than  a 
young  assistant  of  no  experience  in  life  could  make  out  of 
the  teaching  of  English  itself.  Let  us  remember  this  in  con- 
nection with  administration  of  colleges  and  in  the  selection  of 
teachers. 

A  study  of  administration  may  be  taken  up  on  a  consider- 
able scale  by  assembling  and  classifying  all  college  catalogues, 
but  I  find  this  method  comparatively  fruitless.  It  is  better  to 
make  an  examination  of  comparatively  few  typical  cases  re- 
membering that  the  personality  of  the  men  in  the  administra- 
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tion  has  far  greater  influence  upon  the 

organization    itself.     Consequently    T  results  than  the  exact 

mostly  with  the  kind  of  administrate  -  -am  concerned  here 
have  the  greatest  amount  of  free'^'  ^^^  under  which  teachers 
student  finds  the  greatest  stimulu         ^^ni  and  under  which  the 

All  the  activities  of  an  engir         -^  *o  study, 
among  comparatively  few  hea         ^efering  school  may  he  divided 

1.  The  Financing  of  the  •^^• 
largely  for  the  trustees  ?  '  I nstitutio7i.— This  is  a  matter 
and  it  should  not  be  a  P'  ''^'^  ^^^  t^^e  friends  of  the  school, 
\o  fixed  rule  can  be  ■  ^'^  ^^  *^e  work  of  the  teaching  staff, 
colleoes  must  -et  he^  "^^'^^  inasmuch  as  privately  endowed 
anybody  who  is  eff'  f  '"'^^^^^  *^^ey  can  through  teachers  or 
most  scrupulous  '  /'^'^^-  ^here  is  one  matter  to  which  the 
come  from  fun^^  attention  should  be  paid;  viz.,  that  the  in- 
actlv  for  the  '^  ^^'^"^^  ^^  ''^^^  '^^  far  as  it  is  possible  ex- 
bequest  If  P^'^P^^  ^^"^ed  in  the  deed  of  gift  or  in  the 
should  prr  ^^""^  "^  '^''^  P^^^^  0"  ^^"s  earth  where  the  truth 
what  he  ^""^"^  ^"^^  '''^'^''^  ^  benefactor  sliould  obtain  exactlv 
maint^-      ''^^"^^^^'  '^  '^  ^  ^o^^^S'^-     Truth  and  honor  should  be 

"  med  at  the  expense  of  refusing  some  gifts. 

.i.a\^''^  ^!''''*  '''''^  '^'  3/a/H^e»a.,c..-This  is '  a  business 
TO'  -cter  snnilar  to  that  of  any  commercial  establishment  The 
ymciples  of  scientific  management  may  very  well  be  applied 
m  the  care  of  buildings,  laboratories  and  all  property  of  an 
institution  of  learning  without  in  any  way  interfering  with 
the  relation  between  professor  and  student.  The  business 
side  of  a  college  should  not  be  put  upon  the  members  of  the 
teaching  staff  if  it  can  be  avoided;  at  the  same  time  a  super- 
intendent or  agent  should  hold  his  position  only  by  his  ac- 
ceptability to  teachers,  his  understanding  and  sympathy  for 
their  work. 

3.  The  use  of  rooms  and  laboratories,  the  hour  plan  of  reci- 
tations, the  penalties  and  rules,  and  the  physical  training  all 
of  which  constitute  faculty  business,  to  go  laefore  the  tru^stees 
only  where  they  involve  money  or  question.  So  far  as  pos- 
sible the  faculty  business  should  be  committed  to  standard 
committees  on  discipline,  on  records  and  on  the  enforcement 
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of  rules.  It  has  been  customary  in  the  past  to  carry  cases 
of  discipline  to  the  faculty  but  it  is  of  doubtful  wisdom  ex- 
cept for  the  information  of  all  teachers;  even  dropping  a  stu- 
dent for  being  unsatisfactory  in  his  studies  can  be  made  a 
function  of  some  committee. 

4.  The  Teaching  in  the  Class  Room. — This  is  always  by 
means  of  lectures,  demonstrations,  recitations  or  conferences 
and  will  form  the  purpose  for  which  a  school  is  established. 
This  must  never  be  lost  sight  of.  All  organization  leads  to 
this  end  and  to  nothing  else. 

5.  Relations  with  Students  Outside  of  the  Class  Room. — 
This  is  so  much  a  matter  of  informal  daily  contact  between 
professor  and  student  that  no  rules  can  be  laid  down.  It  will 
always  be  dependent  upon  the  temperament  and  sympathetic 
understanding  on  the  part  of  the  teacher  and  it  is  possible 
that  this  beautiful  relation  may  be  the  best  thing  that  a  stu- 
dent gets  out  of  his  college  life.  The  fine  service  that  goes 
to  build  up  a  boy's  character  is  more  an  asset  for  citizenship. 

6.  Student  Activities. — A  college  that  does  not  encourage 
in  some  way  student  acti^•ities  outside  of  the  class  room  be- 
comes too  rigid  and  it  does  not  produce  a  type  of  graduate 
who  can  adapt  himself  to  the  conditions  of  everyday  life. 
Some  religious  schools  are  of  this  kind  and  many  engineering 
schools  over-crowd  students  so  much  that  they  have  no  time 
for  what  might  be  called  a  course  in  human  relations  and 
friendship, 

I  have  no  intention  of  dwelling  on  these  matters.  They 
liave  to  do  with  administration  only  so  far  as  the  background 
is  naturally  made  by  the  governing  boards.  The  first  three 
<of  them  relate  entirely  to  the  business  of  an  institution  and 
the  last  three  to  the  education  of  young  men.  The  whole 
purpose  of  this  paper  would  be  misunderstood  if  it  is  inter- 
preted to  mean  that  I  do  not  believe  in  eflSciency  and  good 
business  administration.  I  do  most  heartily  believe  in  both 
and  in  a  proper  organization  but  never  at  the  sacrifice  of  that 
human  relation  wliich  does  more  to  turn  a  boy  into  a  good 
man  than  all  the  organization  in  the  world.     I  have  dwelt  on 
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the  word  efficiency  because  we  have  made  a  fetish  of  it.  Of 
course  we  all  know  that  an  engineering  school  is  primarilj'  an 
institution  for  teaching  engineering  and  for  giving  a  young 
man  his  start  in  the  profession.  Consequently  the  primary 
purpose  relates  to  science  and  the  things  that  a  student  must 
learn  form  part  of  the  profession.  That  is  first  and  organiza- 
tion should  have  that  in  view,  but  again  I  repeat,  never  at 
the  expense  of  the  soul. 

Every  college  has  its  board  of  trustees,  sometimes  called  a 
corporation,  a  board  of  regents,  or  simply  a  governing  board. 
It  makes  no  difference  under  what  name  this  board  appears 
it  must  necessarily  take  responsibility  for  the  institution. 
There  are  two  types  of  organization  of  trustees;  one  is  a 
single  board  like  a  business  corporation,  and  the  other  is  a 
dual  board  like  a  business  corporation  with  a  senate  that 
must  pass  upon  its  acts.  In  some  cases  these  boards  are 
elected  or  appointed  and  serve  for  a  term  of  years.  In  most 
cases,  however,  the  members  hold  a  life  tenure  and  the  board 
is  self-perpetuating.  No  two  colleges  are  managed  in  exactly 
the  same  way  and  there  are  many  types  of  boards.  In  order 
to  bring  before  the  Society  a  complete  exposition  of  this 
matter  it  would  be  necessary  to  exhibit  the  framework  of 
every  university  and  college  in  the  United  States.  They  may 
be  divided  as  above  into  two  types,  a  few  examples  of  which 
will  be  sufficient.  The  old  style  college  still  exists  in  places 
like  Bowdoin,  Amherst  and  Williams,  and  they  fill  a  very  use- 
ful place  in  our  system  of  education.  They  have  their  board 
of  trustees  made  up  in  part  of  ministers  and  in  part  of  busi- 
ness or  professional  men  elected  with  a  life  tenure.  "We  are 
not  concerned  with  these  so  much  as  we  are  with  those  that 
have  engineering  departments  or  are  solely  planned  for  engi- 
neering education. 

Yale  University  has  a  corporation  consisting  of  the  presi- 
dent and  fellows,  in  number  nineteen,  elected  either  for  life 
or  for  a  term  of  years.  The  Sheffield  Scientific  School  has 
also  a  board  of  trustees  of  nine  members.  This  board  is  a 
corporation,  three  of  whose  members  are  ex-officio,  viz.,  the 
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governor  of  the  state,  the  president  of  Yale  College,  and  the 
chairman  of  the  Peabody  Museum  trustees.  The  other  six 
hold  a  life  tenure  and  fill  their  own  vacancies.  The  director 
of  the  Sheffield  Scientific  School  is  the  secretary  of  the  board. 
It  will  be  observed  that  the  graduates  of  the  Sheffield  Scien- 
tific School  have  no  voice  in  the  government  excepting  so  far 
as  they  may  be  chosen  by  the  surviving  members  to  fill 
vacancies.  The  organization  at  Yale  will  probably  be  afEected 
by  the  general  discussion  now  going  on. 

The  Case  School  is  apparenily  incorporated  and  is  held  by 
a  corporation  of  twenty-two  members.  The  business  of  the 
institution  is  directed  by  a  board  of  trustees  consisting  of 
seven  members  chosen  by  the  incorporators.  The  graduates 
would  have  no  voice  excepting  as  they  are  chosen  to  be  trus- 
tees, and  the  president  is  not  a  member  of  the  board  of  trus- 
tees either  by  election  or  ex-officio. 

Rensselaer  has  a  board  of  trustees  consisting  of  twenty- 
three  members  holding  a  life  tenure  and  the  mayor  of  Troy 
as  additional  ex-offieio.  The  president  of  the  institution  is 
also  president  of  the  board  of  trustees  and  the  graduates  ap- 
parently have  no  voice  in  the  choice  of  the  members.  This 
case  is  much  like  the  old-time  board  of  trustees  for  colleges. 

The  Massachusetts  Institute  of  Technology  has  a  corpora- 
tion consisting  of  fifty-three  members,  the  president,  the 
treasurer,  the  secretary,  the  governer,  the  chief  justice,  and 
the  commissioner  of  education,  all  of  Massachusetts,  being  ex- 
officio  members.  There  are  thirty-two  life  members  and 
fifteen  term  members,  three  being  elected  each  year  for  a 
term  of  five  years.  There  is  besides  an  executive  committee 
consisting  of  the  president  and  treasurer  and  five  members 
who  are  chosen  by  the  corporation  from  among  its  members 
for  a  term  of  five  years.  Tiiis  committee  has  power  in  all 
appointments  and  fixes  the  salaries  and  duties  of  all  officers. 
It  has  entire  responsibility  for  all  the  property  of  the  insti 
tute.  Tlie  fifteen  term  members  of  the  corporation  are 
elected  by  the  corporation  from  a  group  of  candidates  sub- 
mitted by  the  alumni  of  the  institute.     The  corporation  as  a 
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whole  confirms  appointments,  confers  degrees  and  authorizes 
certain  financial  transactions. 

Harvard. — The  government  of  Harvard  is  by  two  com- 
pletely independent  boards.  The  first  board  is  known  as  the 
corporation,  consisting  of  the  president  and  treasurer  and 
five  fellows,  called  usually  the  president  and  fellows.  The 
members  have  a  life  tenure  and  vacancies  are  filled  by  the 
surviving  members.  This  corporation  transacts  all  business, 
makes  all  appointments,  and  in  general  may  be  regarded  as 
the  directors  of  the  institution,  A  second  board,  called  the 
overseers,  consists  of  thirty  members.  Five  of  these  are 
elected  every  year  for  a  term  of  six  years,  at  the  end  of  which 
time  they  are  eligible  for  one  more  term  of  office.  The  board 
of  overseers  approves  all  appointments  without  limitation  as 
to  the  time  and  in  general  takes  up  questions  of  policy  sub- 
mitted by  the  corporation.  The  president  of  Harvard  is 
chairman  of  the  corporation  but  is  not  a  member  of  the  board 
of  overseers. 

Michigan  University. — This  university  is  a  fair  type  of  the 
larger  state  universities  although  no  two  of  them  have  exactly 
the  same  plan  of  government.  Michigan  has  a  board  of  re- 
gents consisting  of  twelve  members.  Of  these  the  president, 
the  treasurer  and  the  secretary,  and  the  superintendent  of 
public  instruction,  are  ex-officio  members  of  the  board  with- 
out vote.  The  other  eight  members  are  elected  for  a  term  of 
years  by  the  people  of  the  state  and  apparentlj^  form  a  com- 
mittee to  direct  all  the  educational  and  business  affairs  of  the 
university. 

Other  universities  and  colleges  have  all  kinds  of  modifica- 
tions of  these  six  plans.  The  general  tendency  is  towards  a 
greater  participation  of  graduates  in  the  affairs  of  their  alma 
mater  and  ultimately  the  colleges  will  probably  be  governed 
by  the  alumni  asociations.  Furthermore,  the  dual  organiza- 
tion is  probably  better  adapted  to  private  schools  than  it 
would  be  to  state  universities  whose  boards  have  a  limited 
tenure  of  office.  A  permanent  board  is  likely  to  become  more 
or  less  inactive  in  course  of  time,  especially  if  there  be  asso- 
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ciat-ed  with  it  one  or  two  men  who  carry  the  financial  burden 
on  their  shoulders.  It  is  not  a  sign  of  prosperity  for  a  school 
to  possess  some  interested  individual  who  is  ready  to  step 
forward  to  pay  all  deficits.  As  has  already  been  stated,  the 
character,  interest  and  personality  of  the  men  on  the  board 
of  trustees  is  of  far  greater  importance  than  the  exact  type 
of  organization  and  the  same  thing  holds  with  regard  to  a 
faculty.  Everj^  one  of  the  different  schools  may  have  its  own 
indi^'iduality  without  necessarily  having  inferior  methods. 
The  important  thing  is  the  man  who  is  sitting  in  the  class- 
room chair,  it  is  his  influence  that  will  tell  upon  students  in 
the  long  run.  The  relation  between  the  board  of  trustees 
and  the  faculty  is  important.  Often  the  trustees,  who  are 
business  men,  cannot  be  brought  to  take  a  real,  intelligent 
interest  in  the  work  of  the  class  room.  Occasionally  they 
take  too  much  interest  and  meddle  with  the  teachers.  There 
has  been  for  j'ears  a  discussion  about  giving  the  faculty  a 
share  in  the  government  of  an  institution  and  sometimes 
teachers  have  felt  that  the  president  of  a  college  has  alto- 
gether too  much  power.  Some  reports  have  been  drawn  up 
on  this  subject.  It  would  seem  to  me  unfortunate  to  have  the 
members  of  the  faculty  pass  upon  a  number  of  questions  that 
now  belong  peculiarly  to  the  trustees.  I  do  not  think  that 
any  professor  can  possibly  be  in  a  comfortable  position  when 
he  is  passing  upon  the  salaries  of  his  own  colleagues.  This  is 
true  even  in  the  departmental  government  of  a  college  where 
the  head  of  a  department  assumes  to  decide  the  salary  and 
work  of  a  teacher  associated  with  him. 

It  would  be  useful  to  have  occasional  meetings  of  trustees 
and  teachers  on  certain  larger  questions  of  policy  like  en- 
trance conditions,  the  courses  of  study  as  they  ought  to  be 
given  and  the  enlargement  of  the  curricula,  but  when  it 
comes  to  the  actual  share  in  the  executive  management  of  an 
institution  the  teacher  is  in  a  totally  false  position.  His  time 
would  be  taken  away  from  the  essentials  of  his  profession 
and  put  into  chores.  The  grievances  expressed  by  some  fac- 
ulties are  largely  in   the  nature  of  appointments  and  dis- 
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missals.  It  is  perfectly  obvious  that  a  man  who  is  appointed 
a  professor  should  he  acceptahle  to  his  colleagues  unless  some 
reorganization  or  reform  is  absolutely  needed  to  better  a  bad 
situation.  Consequently,  the  appointments  in  any  depart- 
ment ought  to  come  by  recommendation  or  consent  of  the 
appointee's  future  colleagues.  If  such  recommendation  comes 
only  from  the  head  of  a  department,  it  might  as  well  come 
from  the  president  of  the  college.  In  the  matter  of  dis- 
missals a  professor  who  has  taught  for  many  years  ought  not 
to  be  lightly  dismissed  and  the  whole  subject  ought  to  have 
full  investigation  by  the  trustees.  I  have  heard  many  busi- 
ness men  say  that  teachers  were  employees  in  the  same  sense 
as  men  in  the  industries.  .They  are  often  treated  in  exactly 
that  way  but  I  think  it  is  a  great  mistake.  The  profession  of 
teaching  is  like  the  ministry  a  privileged  profession  and  a 
man  who  has  taught  twenty  years  is  in  the  same  position  as  a 
preacher  in  regard  to  the  outside  business  so  that  if  he  is  dis- 
missed he  is  comparatively  helpless.  I  have  known  a  few 
preachers  who  have  turned  to  soliciting  life  insurance  as  a 
means  of  getting  a  living  and  there  is  no  more  melancholy 
sight  in  the  world  than  an  old  teacher  who  has  no  support. 
As  a  rule  the  pay  is  not  enough  to  enable  teachers  to  lay  by 
any  money  for  their  old  age,  hence  they  cannot  be  treated  as 
to  appointments  or  dismissals  in  the  same  way  as  a  man  in  a 
business  position.  The  value  of  a  teacher's  work  is  very 
rarely  measured  by  his  pay  as  will  readily  be  disclosed  by  the 
great  variation  in  professors'  salaries.  They  vary  from  $1,500 
per  year  up  to  $7,000  or  $8,000  depending  upon  the  institu- 
tion, and  yet  a  professor  in  a  small  college  probably  does  as 
good  work  with  his  students  as  those  in  larger  ones. 

The  Carnegie  Foundation  has  provided  a  method  of  taking 
care  of  the  most  serious  cases  of  breakdown  in  the  college 
service  and  of  getting  rid  of  those  whose  usefulness  has 
passed  by  reason  of  illness,  or  old  age.  In  future  the  Foun- 
dation will  not  have  so  great  a  power  in  the  matter  as  it  is 
changing  to  a  type  of  insurance  company. 

One  often  hears  the  statement  that  professors  are  not  busi- 
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ness  men,  as  if  that  were  a  reproach.  We  may  be  thankful 
that  they  are  not.  Let  us  have  in  America  some  place  and 
some  profession  that  is  not  commercial  so  that  we  may  at  least 
preserve  the  finer  ideals  of  our  forefathers.  If  a  teacher  is 
a  good  business  man  he  would  better  go  into  business  and  let 
teaching  alone.  If  he  is  a  good  teacher  and  is  capable  of 
stimulating  a  higher  type  of  character  in  the  student,  he 
ought  to  give  up  all  thoughts  outside  the  class  room.  If  he 
is  neither  he  might  better  be  on  a  farm. 

What  is  the  place  of  a  president  of  an  institution  of  learn- 
ing? Few  of  the  foreign  schools  have  any  such  organization 
as  we  find  in  the  United  States.  In  England  and  Germany 
there  is  no  such  thing  as  the  president  of  a  university  or  col- 
lege in  our  sense  of  the  word.  The  head  of  the  Charlotten- 
burg  school  is  a  rector  appointed  by  the  government  for  one 
year.  All  appointments  to  professorships  are  suggested  by 
the  faculty,  usually  three  names  are  handed  in  to  the  govern- 
ment and  from  these  one  is  selected  by  the  minister  of  instruc- 
tion. If  none  of  the  three  names  are  satisfactory  to  the  gov- 
ernment, three  others  are  submitted  until  a  man  is  obtained 
that  the  minister  of  instruction  will  accept.  While  this  ap- 
parently is  a  democratic  and  open  method  of  appointing  pro- 
fessors it  really  does  not  differ  from  the  American  method  of 
going  after  the  man  that  is  wanted.  The  president  of  a  col- 
lege in  the  United  States  holds  a  position  very  largely  as  bus- 
iness manager  in  addition  to  being  at  the  head  of  the  educa- 
tional side  of  the  university  or  college.  But  his  position  is 
often  distinctly  inferior  to  that  of  a  teacher  who  has  leisure 
to  study  and  write.  The  position  is  not,  however,  that  of  an 
autocrat  as  the  holder  must  remain  acceptable  to  the  trustees, 
must  find  money  to  run  the  institution  and  must  be  able  to  con- 
vince teachers.  On  the  whole  it  would  be  better  if  the  presi- 
dent of  every  college  were  the  disciplinary  officer  and  had  the 
care  of  scholarship  and  loan  funds.  Whether  a  changing  head 
such  as  that  in  Germany  would  be  good  or  not  in  the  United 
States  has  never  been  thoroughly  tested.  The  University  of 
Virginia  gave  up  an  old  sx-stem  to  have  a  regular  president. 
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Probably  the  present  practice  of  electing  ,a  president  into 
whose  hands  is  placed  the  business  and  educational  matters  of 
the  institution  is  well  adapted  to  the  American  mind  and  can- 
not readily  be  changed.  One  of  the  difficulties  with  the  posi- 
tion, however,  is  that  often  too  much  business  is  put  on  the 
shoulders  of  the  president  who  has  no  time  for  educational 
matters.  This  fact  has  led  in  many  colleges  to  the  appoint- 
ment of  a  business  agent  or  a  publicity  manager  to  serve  with 
the  president  in  certain  business  matters  outside  of  the  teach- 
ing field.  Only  the  larger  universities  have  money  enough  to 
separate  business  from  teaching.  The  tendency  of  business 
agents  who  do  no  teaching,  however,  is  unfortunately  towards 
commercial  methods.  Especially  is  this  true  of  publicity  men. 
The  method  of  bringing  colleges  to  the  attention  of  the  pub- 
lic and  bidding  for  students  is  very  much  the  same  as  we 
find  associated  with  the  sales  department  of  any  manufactur- 
ing company.  In  some  parts  of  the  country  the  college  drum- 
mer is  sent  out  to  get  trade  and  all  kinds  of  publicity  propa- 
ganda are  devised  to  lead  students  to  attend  the  colleges  ad- 
vertised. I  believe  this  to  be  altogether  bad.  It  may  be  said 
that  more  young  men  are  thereby  induced  to  educate  them- 
selves but  I  do  not  believe  that  to  be  true.  A  large  number 
are  misled  into  thinking  that  they  ought  to  get  a  college  de- 
gree than  are  helped  by  the  advertising  method.  Should 
engineering  schools  advertise  at  all?  It  is  doubtful.  Their 
publicity  ought  not  to  extend  further  than  a  good  descrip- 
tion within  the  catalogue  of  what  the  college  oifers.  We  ought 
not  to  acquire  the  competitive  spirit  so  much  that  we  shout 
with  joy  if  we  can  only  show  a  few  more  students  than  our 
neighbor  who  is  also  teaching  engineering.  The  newspapers 
are  filled  with  stuff  of  that  kind  from  the  larger  universities. 
It  usually  emanates  from  publicity  agents  who  are  employed 
to  keep  the  institution  before  the  public  which  is  often  de- 
ceived as  to  what  the  colleges  are  really  capable  of  offering 
young  men.  One  of  our  colleges  has  a  publicity  agent  who  is 
going  out  to  get  400  more  students.     The  pamphlet  by  which 
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these  students  are  to  be  obtained  has  the  same  misleading 
quality  found  in  advertising  departments  of  business  houses 
and  represent  to  my  mind  the  last  state  of  degradation  in 
education.  There  would  be  a  distinct  gain  if  all  engineering 
schools  and  engineering  departments  would  join  to  offer 
within  the  same  binding  a  brief  description  of  their  names, 
purposes  and  work.  This  could  be  sent  out  all  over  the  coun- 
try and  would  serve  the  purpose  of  indicating  the  opportuni- 
ties for  education  in  our  profession. 

How  should  a  faculty'  be  organized  ?  Undoubtedly  the  best 
method  of  doing  business  is  under  some  kind  of  departmental 
government.  An  engineering  school  has  naturally  certain  im- 
portant departments  like  civil,  mechanical,  electrical  and  min- 
ing engineering,  chemistry  and  perhaps  architecture,  each  one 
with  its  staff  consisting  of  a  chairman,  or  head  of  a  depart- 
ment, and  the  colleagues  who  join  in  carrying  on  the  work  of 
the  department.  It  is  bad,  however,  for  any  college  to  have 
too  strong  a  departmental  organization  or  to  have  one  de- 
partment overtopping  its  neighbors.  Rarely  can  the  most 
effective  cooperation  be  carried  out  under  such  a  system.  It 
has  always  seemed  to  me  better  to  have  a  head  of  a  depart- 
ment chairman  for  a  term  of  years  and  to  have  the  office 
changing  occasionally  so  that  the  chairman  of  the  department 
becomes  largely  the  mouthpiece  of  the  professors  and  not  the 
director  of  their  ^^•ork  and  their  energy.  In  many  colleges,  de- 
partments constitute  what  an  officer  in  the  War  Department 
has  named  a  parallel  organization  with  every  bureau  having 
full  authority  and  no  person  or  persons  having  wide  profes- 
sional knowledge  to  reconcile  differences.  A  certain  amount 
of  emulation  and  competition  is  useful  but  pigheaded  ob- 
stinacy or  jealousy  in  the  maintenance  of  one  department 
against  another  is  destructive  of  efficiency  and  business  in  a 
college  as  in  the  government  departments. 

The  faculty  is  necessarily  divided  into  committees  for  the 
admission  of  students  and  for  supervising  their  work.  It  is 
almost  imperative  that  every  faculty  should  have  as  one  of 
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its  committees  an  administrative  board,  whatever  that  board 
may  be  called,  to  see  that  the  students  keep  to  their  tasks 
and,  if  they  do  not,  let  them  know  about  it.  This  is  really  a 
friendship  board  as  well  as  a  disciplinary  board  because 
through  it  the  students  are  assisted  and  their  delinquencies 
are  called  to  the  attention  of  the  faculty.  A  third  committee 
is  useful  in  any  faculty — that  relating  to  the  organization  of 
courses  and  the  schedules  leading  to  a  degree.  These  three 
committees  necessarily  form  the  backbone  of  any  organization, 
other  committees  being  largely  subordinate  and  effective  only 
for  short  periods.  It  has  sometimes  been  said  that  the  presi- 
dent of  an  institution  ought  to  be  a  member  of  every  com- 
mittee but  that  seems  to  me  unnecessary.  He  ought  to  be  a 
member  of  only  the  committees  on  which  he  can  be  useful. 
Sometimes  it  is  a  positive  disadvantage  to  have  him  a  mem- 
ber of  a  committee  because  the  member  in  that  way  lacks 
freedom  to  make  up  their  own  minds  in  their  own  way. 

The  arrangement  of  hours  for  lectures,  recitations  and  lab- 
oratories commonly  called  the  hour  plan  for  students  often 
presents  great  difficulties.  It  becomes  almost  impossible  in  a 
large  university  when  the  engineering  instruction  has  to  fit 
in  to  a  long-established  plan  for  academic  study.  Exactly 
that  happened  at  Harvard  when  engineering  was  reestab- 
lished in  1893.  For  that  and  other  reasons  the  engineering 
department  of  a  university  must  be  separate  from  the  aca- 
demic department.  In  most  cases  even  the  language  and 
mathematics  must  be  given  separately,  thus  establishing  a 
school  by  itself  in  an  alliance  with  the  academic  department, 
the  law  department  and  the  medical  department.  Its  meth- 
ods and  its  purposes  become  thus  almost  the  same  as  those  of 
the  ordinary  technical  school.  As  a  rule  the  hour  plans  are 
too  unsystematic  and  often  demand  very  irregular  hours  on 
the  part  of  the  student  and  of  the  instructor.  It  would  be 
worth  while  to  make  a  better  study  of  this  for  technical 
schools  generally.  The  Naval  Academy  had  for  many  years  a 
plan  of  two  hours  assigned  to  each  subject.    This  meant  8-10, 
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10-12.  2— i,  every  day.  Classes  were  arranged  in  small  sec- 
tions having  recitations  one  hour  and  then  one  hour  for  study 
in  each  of  these  periods.  The  ordinary  civilian  college  might 
have  something  of  the  same  arrangement.  At  the  Worcester 
Polytechnic  Institute  the  hour  plan  is  an  annual  affair  be- 
cause it  depends  to  some  extent  upon  the  number  of  students 
and  the  consequent  number  of  divisions  in  each  class.  This 
becomes  a  serious  task  to  some  of  the  instructors  and  adds 
to  their  burdens  entirely  outside  of  teaching. 

Engineering  schools  are  constantly  receiving  suggestions- 
about  improvements  in  their  courses  of  study.  I  have  just 
now  on  my  desk  at  home  either  outlines  or  suggestions  for 
new  courses  covering  safety  engineering,  administrative  engi- 
neering, business  engineering,  human  engineering,  aeronaut- 
ical engineering,  mental  hygiene,  and  I  do  not  know  what  to 
do  with  them.  These  propositions  are  symptomatic  of  the 
whole  country  where  everybody  has  a  happy  thought  which 
he  is  exploiting.  "VTashington  is  infested  with  the  happy 
thought  people  who  are  working  out  new  plans.  Our  trouble 
is  chiefly  that  we  are  not  unlike  the  Bandarlog  of  Kipling's 
stories.  We  cannot  in  the  ordinary  engineering  school  add 
any  new  courses  for  we  have  not  the  space  for  them.  "We 
might  substitute  other  courses  in  order  to  change  the  engi- 
neering program  into  one  for  business  men.  It  seems  obvious, 
however,  that  our  first  task  is  the  education  of  young  men  in 
the  fundamentals  of  applied  science.  While  education  ought 
to  keep  up  with  the  times  it  would  be  a  mistake  to  substitute 
for  the  ground  work  on  which  our  profession  rest,  something 
that  is  mereh-  technical  and  informational.  No  subject  that 
has  been  found  by  long  experience  to  be  of  value  in  developing 
the  mind  ought  to  be  abandoned  for  a  technical  course  in  ad- 
ministration, business  or  aeronautics.  Engineering  education 
will  gain  nothing  if  we  are  led  astray  by  the  results  of  the 
war  into  professional  courses  which  a  man  would  naturally 
learn  after  graduation.  Some  universities  and  colleges  have 
adopted  in  their  engineering  departments  a  straight  three- 
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year  eoiii^e  in  engineering  with  no  specializing  whatever, 
leaving  the  fourth  and  perhaps  a  fifth  year  for  a  large 
amount  of  professional  work.  If  this  can  be  done  in  such  a 
way  as  to  place  the  last  years  at  the  disposition  of  the  de- 
partment in  which  a  young  man  is  going  to  graduate  the  hour 
plan  is  simplified  and  the  whole  course  of  study  is  made  syste- 
matic. It  may  be  added  here  that  a  fifth  year,  especially  if 
spent  in  another  college  or  university  would  be  excellent. 

It  has  been  suggested  that  the  engineering  schools  ought  to 
have  a  closer  alliance  with  the  engineering  societies.  I  have 
written  a  report  on  that  subject  for  the  information  of  the 
American  Society  of  Mechanical  Engineers  in  the  hope  that 
that  society  may  take  some  share  in  the  education  of  students 
for  their  profession.  There  are  now  about  forty-eight  stu- 
dent branches  of  the  society  in  the  United  States.  It  is  pos- 
sible that  our  own  society,  the  S.  P.  E.  E.,  might  help  this 
relation  by  interesting  itself  in  the  student  branches  of  all 
societies.  Two  points  have  been  suggested.  First,  that  cer- 
tain scholarships  should  be  offered  to  the  engineering  colleges 
having  student  branches,  and  second,  that  a  definite  program 
of  work  to  be  conducted  by  the  students  themselves  might  be 
planned  out  in  a  syllabus  of  some  kind.  At  the  present  time 
most  student  branches  or  student  societies  break  down  be- 
cause they  do  not  have  anything  that  really  appeals  to  them 
for  their  weekly  or  monthly  meetings.  There  is  no  use  in  a 
student  societj^'s  attempting  to  repeat  for  the  edification  of 
its  members  what  is  given  in  the  classroom.  My  belief  is  that 
some  interesting  subjects  disconnected  from  the  studies  might 
be  worked  into  a  little  handbook  that  would  prove  extremely 
valuable.  I  have  ventured  to  suggest  any  one  of  the  following 
for  the  coming  year  : 

1.  The  general  effect  of  the  peace  conference  and  the  league 
of  nations  upon  the  work  of  the  engineer,  especially  in  com- 
mercial life  of  the  nation  during  the  next  generation. 

2.  The  method  by  which  war  disorganizes  industries  and  the 
work   of  reconstruction   that   invariabh'   follows   every   war. 
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The  general  readjustment  that  must  follow  this  war  in  all 
the  belligerent  countries. 

3.  Standardization  for  manufacture  and  the  effect  of  this 
war  in  forcing  engineers  and  manufacturers  to  reduce  the 
number  of  parts  and  to  simplify  construction  of  all  kinds  of 
machines.     Standardization  for  guns  and  munitions. 

4.  Conservation  of  national  resources  including  fuel,  water, 
soil,  forest  and  minerals. 

5.  Labor  and  the  complete  readjustment  of  society  in  order 
that  employer  and  employee  may  live  together  in  peace.  Ex- 
amples of  the  solution  of  problems  in  different  manufacturing 
companies. 

6.  The  problems  of  transportation,,  national  and  private 
ownership,  and  the  changes  consequent  upon  improvements 
and  rapidity  of  transportation. 

A  student  branch  may  have  a  number  of  purposes  so  that 
the  above  is  offered  mereh'  as  a  suggestion.  I  am  listing  here 
as  a  further  suggestion  the  general  purposes  of  student  meet- 
ings. 

1.  To  get  outside  lecturers  on  technical  subjects. 

2.  To  get  outside  lecturers  on  non-technical  subjects. 

3.  To  get  salesmen  or  agents  from  manufacturers  to  de- 
scribe their  product,  usually  illustrating  with  a  stereopticon. 

4.  To  obtain  lectures  on  general  subjects  from  members  of 
the  general  faculty  with  which  the  engineering  department  is 
connected. 

5.  To  encourage  students  to  speak  on  their  feet  in  public 
meetings  (a)  by  giving  them  the  periodicals  and  books  to  be 
reviewed  orally;  (b)  by  having  the  results  of  these  and  in- 
vestigations conducted  by  the  student  described;  (c)  by  the 
delivery  of  brief  addresses  on  non-technical  subjects. 

6.  To  broaden  the  contact  with  engineering  by  joint  meet- 
ings with  other  branches  of  engineering  in  the  student  engi- 
neering society. 

7.  To  bring  students  together,  mainly  for  social  purposes 
and  for  making  them  acquainted  with  associations  and  their 
usefulness  to  them  personally. 
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8.  To  teach  them  initiative  by  non-interference  with  the 
student  branches,  thus  leaving  to  students  all  activities  out- 
side of  the  classroom. 

Just  at  this  time  we  have  a  great  deal  of  discussion  in  the 
United  States  on  the  subject  of  research.  How  far  ought  re- 
search to  be  encouraged  in  a  technical  school  and  in  a  uni- 
versity? The  two  types,  of  institutions  differ  in  this  regard 
because  the  technical  school  rarely  has  the  money  to  conduct 
research  on  a  sufficient  scale  to  make  it  of  great  value.  Some 
of  the  professors  and  instructors  have  time  to  do  something 
and  it  is  to  be  hoped  that  legitimate  and  proper  research  may 
be  encouraged.  "We  all  know,  however,  the  sham  that  often  is 
perpetrated  in  the  name  of  research.  Theses  are  usually 
worthless  so  far  as  the  engineering  world  or  applied  science 
is  concerned.  Furthermore,  we  are  in  a  fair  way  to  go  at  re- 
search in  much  the  same  way  as  a  housekeeper  would  go  at 
sweeping  up  a  room  to  find  a  pin  that  had  been  dropped.  We 
cannot  sweep  up  the  whole  universe  and  our  science  as  it  is 
to-day  will  be  something  different  to-morrow.  There  is  room 
for  a  much  better  organization  for  study  and  research  by 
bringing  colleges  into  relation  with  the  National  Academy  or 
with  the  testing  departments  of  the  great  industrial  firms  of 
the  country.  Let  us  never  forget  in  this  connection  the 
danger  which  science  may  hold  for  the  whole  human  race  un- 
less we  approach  it  in  a  spirit  of  righteousness,  with  a  deter- 
mination that  it  shall  never  be  used  for  the  destruction  of  all 
that  mankind  has  done  up  to  this  time. 

Has  experience  in  the  Students'  Army  Training  Corps 
taught  us  anything?  We  must  remember  the  two  types  of 
colleges.  Those  that  have  nothing  but  what  is  known  as  a 
general  education  as  the  end  in  view  and  those  that  have 
training  for  some  occupation  in  life.  The  effect  of  the  experi- 
ment with  the  Army  varied  much  with  different  colleges  all 
over  the  country.  In  New  England  it  was  not  very  satisfac- 
tory with  any  kind  of  a  college.  In  the  Middle  West  it  seems 
to  have  been  acceptable.  I  do  not  share  the  views  of  many 
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educators,  because  I  do  not  believe  that  we  learned  anything 
of  any  great  value  to  us  about  courses  or  administration  dur- 
ing these  few  weeks  of  military'  control.  The  Avar  conditions 
taught  us  a  great  deal  but  it  was  not  because  we  were  closely 
allied  with  the  Army.  It  is  possible  that  colleges  with  no  pro- 
fessional aim  were  benefited  in  some  way.  Instruction,  how- 
ever, suffered  as  the  course  of  study  were  seriously  interfered 
with  and  the  object  for  which  studies  were  given  were  largely 
lost  sight  of.  We  had  a  case  in  Worcester  where  young  men 
were  sent  away  to  the  heavy  artillerj'  school  from  two  col- 
leges, those  sent  from  the  Worcester  Polytechnic  Institute 
having  had  a  first-rate  training  in  mechanical  engineering  and 
those  sent  from  an  academic  college  largely  religious  in  char- 
acter having  had  no  training  in  engineering.  This  was  ab- 
surd. The  net  result  was  on  the  whole  a  lesson  against  too 
much  control  by  the  Army  and  Navy. 

If  military  training  is  to  be  continued  it  should  be  on  terms 
offered  by  the  engineering  colleges  and  arranged  in  such  a 
wa}'  as  not  to  interfere  with  either  administration  or  organi- 
zation. If  the  specifications  are  supplied  by  the  War  De- 
partment in  which  the  colleges  have  no  voice  there  is  certain 
to  be  the  same  kind  of  a  result  as  that  with  the  Students' 
Army  Training  Corps.  The  officers  of  the  Army  do  not  as  a 
rule  know  much  about  education.  Many  of  them  have  gradu- 
ated from  West  Point  which  is  a  school  of  discipline — not  an 
educational  establishment — and  consequently  they  usually  err 
in  making  their  plans  too  rigid.  The  summer  vacation  is  the 
time  for  military  training  and  under  proper  conditions  six 
weeks  every  summer  at  a  Plattsburg  camp  might  be  made 
one  of  the  requirements  for  a  degree.  During  the  school  year 
students  should  be  under  their  regular  faculty  without  any 
military  control  whatever  and  during  the  summer  they  could 
be  under  the  discipline  of  the  Army  or  Navy  without  any 
faculty  control.  Some  additions  or  substitutions  in  the  nature 
of  physical  training,  military  law,  and  the  military  policy  of 
the  United  States  might  be  advisable  but  it  is  doubtful  if 
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any  technical  training  in  materials  for  war  would  be  worth 
while.  Engineering  schools  are  not  unlike  the  professional 
schools  of  law  and  medicine  where  it  would  be  poor  business 
to  place  a  military  unit.  Consequently  any  arrangement  with 
the  government  ought  to  take  into  consideration  the  special- 
ties for  which  technical  schools  train  their  students,  specialties 
that  are  of  the  highest  value  in  time  of  peace  and  of  supreme 
value  in  time  of  war  for  manufacturing  weapons  and  putting 
them  into  the  hands  of  the  soldiers. 

I  have  made  no  attempt  to  go  into  great  detail  in  this  paper 
because  I  believe  personality  and  character  are  far  greater 
elements  in  the  success  of  an  engineering  school  than  any  type 
of  administration.  Our  conception  of  man's  life  as  one  of 
orderly  and  steady  development  through  the  various  schools 
so  that  a  child  may  enter  the  primary  department,  subse- 
quently the  college,  and  lastly  the  career,  without  confusion, 
is  not  sound.  Every  one  of  these  changes  marks  a  sudden 
break  and  a  necessary  readjustment  to  new  conditions. 
There  is  no  system  of  instruction  and  no  system  of  adminis- 
tration that  will  enable  a  student  to  glide  smoothly  from  the 
secondary  schools  into  the  freshman  3^ear  of  college.  He  must 
get  a  jolt  of  some  kind  and  must  find  himself  under  condi- 
tions approaching  manhood  where  he  is  freed  more  or  less 
from  the  tutelage  of  the  home,  of  the  boarding  school  or  a 
high  school.  It  is  not  necessarily  a  bad  thing  for  a  boy  to 
have  a  break  of  this  kind  and  it  is  rather  a  good  thing  that 
different  colleges  and  preparatory  schools  should  have  their 
individuality.  When  we  standardize  education  in  such  a 
way  that  all  schools  are  alike  and  all  teachers  are  alike,  it  will 
be  nearly  time  to  go  back  to  the  forest  to  live  on  nuts  and 
berries.  The  chief  interest  in  life  is  found  in  variation  and 
no  school  ought  to  forget  that. 

We  all  know  that  organization  depends  for  its  effectiveness 
on  men  and  women  far  more  than  on  rules  and  constitutions. 
Yet  some  rules  promote  trouble  and  the  chief  effort  towards 
college  administration  should  be  towards  some  system  that 
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minimizes  the  possibility  of  friction  or  lost  motion  and  at  the 
same  time  eneourasres  the  individual  to  exert  his  best  effort. 
That  is  the  only  reason  for  adininistration  of  any  kind.  My 
conclusion  is,  that  while  the  work  of  a  college  outside  of  the 
class  room  is  interesting  and  while  it  should  be  well  planned 
and  carried  out,  the  essential  task  is  the  education  of  boys  and 
girls  and  the  development  of  good,  useful  citizens  capable  of 
doing  something.  We  have  had  too  many  examples  of  what 
administration  and  its  unintelligent  methods  can  do  for  a 
department  in  our  own  government.  At  times  it  seems  al- 
most impossible  to  do  business*'  either  during  peace  or  war. 
Certainly  we  have  much  to  regret  over  the  cast-iron  system 
based  on  what  is  known  as  "passing  the  buck''  and  keeping 
minute  records  of  things  that  have  no  importance.  It  was 
the  most  unsatisfactory-  performance  of  the  war  and  but  for 
the  manhood  and  courage  of  our  young  soldiers  overseas  the 
scientific  management  in  Washington  would  have  lost  the  war. 
It  is  known  as  red  tape  and  every  government  in  the  world  is 
afflicted  with  it. 

I  can  see  only  certain  essential  things  of  a  definite  nature 
to  recommend  in  relation  to  the  maintenance  of  a  college, 
taking  for  granted  that  as  much  administration  is  put  in  as 
will  carry  the  work  without  friction.     They  are : 

1.  The  time  of  a  teacher  should  be  occupied  with  adminis- 
tration as  little  as  possible^ 

2.  The  class-room  work  of  a  teacher  should  afford  him 
leisure  for  improvement  in  presenting  his  subjects  to  students. 

3.  Students  should  be  encouraged  to  present  and  discuss 
subjects  for  themselves,  usually  outside  of  the  class  room. 

4.  The  national  engineering  societies  should  be  asked  to  co- 
operate not  only  with  this  association  but  with  the  colleges 
themselves  towards  broadening  out  engineering  education. 

5.  The  salaries  of  professors  and  instructors  should  be 
sufficient. 


RESOLUTION  ON  BUSINESS  TRAINING  FOR 
ENGINEERING. 

''In  view  of  the  fact  that  the  Society  for  the  Promotion  of 
Engineering  Education  has  cooperated  in  the  promotion  of 
this  eonferenee  and  in  the  effort  to  secure  the  results  outlined 
in  the  resolutions,  would  it  not  be  becoming  as  a  matter  of 
record  for  vour  Society  meeting  at  this  time  to  receive  this 
resolution  and  have  it  read  at  one  of  the  sessions?" 

It  seemed  to  me  that  was  veiy  appropriate,  and,  therefore, 
I  will  read  the  resolution,  which  was  unanimously  adopted  at 
the  end  of  that  conference. 

''Resolution:  It  is  the  sense  of  the  meeting  that:  First,  in- 
dustrial and  commercial  development  has  created  a  demand 
for  men  with  technical  engineering  training  and  business  abil- 
ity. Manufacturing  industries  are  seeking  engineers  to  qualify- 
to  serve  in  capacities  requiring  sound  business  training.. 
Bankers  and  brokers  also  need  men  with  business  training  and^ 
the  engineering  point  of  view.  This  need  is  rapidly  increas- 
ing and  bids  fair  to  demand  a  large  number  of  technically 
trained  men  for  both  domestic  and  foreign  commerce. 

"Second,  in  order  to  meet  this  demand  the  economic  basis 
of  engineering  subjects  should  be  emphasized  wherever  pos- 
sible in  engineering  instruction.    This  may  be  done  by  empha- 
sizing the  problems  of  value  and  cost  in  the  regular  technical 
work  or  introducing  or  extending  courses  in  general  econom- 
ics, cost  accounting,  business  organization  and  business  law 
into  the  engineering  curricula.     These  courses  should  be  de- 
signed particularly  to  meet  the  needs  of  engineering  students. 
"Third,  the  engineering  phases  of  economic  subjects  should 
be  emphasized  wherever  possible  in  commercial  instruction, 
and  students  in  commercial  courses  should  be  allowed  to  take 
courses  in  the  basic  principles  and  practices  of  engineering  so 
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they  may  understand  in  general  terms  the  operation  of  power 
plants  and  transportation  systems  from  an  engineering  point 
of  view. 

"Fourth,  it  is  also  urged  upon  all  institutions  with  depart- 
ments in  engineering  and  economics  or  commerce  that  they 
consider  some  plan  of  coordination  to  develop  a  course  in  prep- 
aration for  those  careers  wherein  practical  training  in  mod- 
ern languages,  in  the  science  of  engineering  and  business 
theory  and  practice  have  been  found  to  be  both  helpful  and 
necessary. 


REPORT  OF  THE  SPECIAL  COMMITTEE  ON 

REPORT  OF  JOINT  COMMITTEE  ON 

ENGINEERING  EDUCATION. 

Mr. President,  and  Members  of  the  Society:  It  is  with  some 
hesitation  that  I  present  these  resolutions  as  a  committee 
report.  Those  of  you  who  have  discussed  the  Mann  report 
in  your  faculties  and  with  engineering-  teachers,  will  realize 
how  divergent  are  the  points  of  view.  The  members  of  the 
Committee  appointed  to  discuss  Dr.  Mann's  Report  were  also 
geographically  very  far  apart,  one  in  Texas,  one  in  California, 
one  in  Cleveland,  one  in  Princeton,  and  one  in  Pittsburgh. 

We  began  by  calling  for  opinions  regarding  the  report  and 
it  became  evident  at  once  that  if  we  discussed  all  the  material 
presented  by  members  of  the  Committe  and  others  it  would 
be  a  large  task,  to  say  the  least.  It  seemed  'best,  therefore,  to 
present  our  report  in  the  form  of  a  set  of  resolutions,  and  the 
Chairman  takes  the  responsibility  for  the  statement  that  the 
report  already  printed  in  the  June  Bulletin  as  a  preliminary 
report,  is  presented  today  as  the  official  report  of  the 
Committee. 

Dr.  Mann's  final  report  has  been  before  the  members  of  the 
Society  for  about  six  months  and  we  have  had  presented  to  us 
from  time  to  time  very  interesting  and  helpful  progress  re- 
ports. It  was  my  idea  in  moving  the  formation  of  this  sub- 
committee that  we  might  come  together  this  year,  discuss  Dr. 
Mann 's  report,  and  go  away  without  having  taken  any  definite 
action  on  his  recommendations,  favorable  or  otherwise.  It 
seems  wise  then  to  put  up,  so  to  speak,  a  few  lightning  rods 
where  the  lightning  might  strike  in  such  ways  as  seemed  best 
to  the  Society. 

The  me^nbers  of  the  Conunittee  are  agreed  upon  the  form 
of  the  report,  which  I  will  read  and  then  explain  very  briefly 
the  separate  parts. 
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W.  E.  Mott,  Chairman,  Carnegie  Institute  of  Technology; 
C.  S.  Howe,  Case  School  of  Applied  Science ;  L.  M.  Hoskins, 
Palo  Alto.  Calif.;  T.  U.  Taylor,  University  of  Texas;  F.  H. 
Constant,  Princeton  University. 

The  members  of  the  Special  Committee  appointed  "to  make 
a  study*"  of  Dr.  Mann's  report  have  been  unable  to  hold  a 
meeting  because  of  their  wide  geographical  distribution.  It 
seems  wise  to  indicate  in  advance  of  the  Baltimore  meeting 
what  the  nature  of  our  report  will  be  and  the  chairman  is 
therefore  taking  the  responsibility  of  publishing  at  this  time 
what  may  perhaps  be  regarded  as  a  preliminary  or  progress 
report.  The  members  of  the  Society  who  have  read  and  dis- 
cussed "The  Study  of  Engineering  Education"  will  realize 
that  unanimity  of  view  regarding  the  same  is  impossible  even 
in  a  committee  of  five. 

The  purpose  of  presenting  the  report  in  the  form  of  a  set 
of  resolutions  is  to  concentrate  discussion  upon  certain  definite 
questions  raised  by  Dr.  Mann.  It  is  not  assumed  that  other 
important  phases  of  the  "study"  should  not  be  discussed  by 
the  Society  and  doubtless  individual  members  will  propose 
some  of  these  other  questions  for  debate. 

Again,  the  six  points  raised  are  those  which  could  perhaps 
be  adopted  in  any  given  institution  with  the  least  amount  of 
rearrangement  of  administrative  and  teaching  machinery  and 
may  therefore  be  discussed  on  their  intrinsic  merits,  or  the 
reverse.  "We  are  very  apt  to  oppose  a  new  pedagogic  proposi- 
tion because  we  feel  it  will  not  work  under  our  own  particular 
local  conditions. 

If  the  sub-committee  report  serves  to  concentrate  discussion 
and  hasten  action  by  the  Society  upon  at  least  some  of  the 
vital  questions  raised  by  Dr.  Mann  its  purpose  will  have  been 
attained. 

The  form  of  the  following  report  is  agreed  to  by  a  majority 
of  the  sub-committee  and  the  six  items  are  also  subscribed  to 
by  a  majority,  though  not  always  by  the  same  individuals. 

It  must,  therefore,  be  explicitly  stated,  and  understood, 
that  the  individual  members  of  the  committee  are  not  com- 
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mitted  to  vote  affirmatively  upon  all  six  items  of  the  report,  or 
even  that  all  hold  the  view  that  each  of  the  points  raised 
should  be  discussed  as  presented. 

Report  op  Special  Committee  "Appointed  to  Make  a  Study 
OF  THE  Report  op  the  Joint  Committee  on  Engineering 
Education,  as  Presented  by  Dr.  C.  R.  Mann,  and  Report 
TO  the  Society/' 

Whereas,  The  experience  of  engineering  educational  insti- 
tutions, especially  during  the  period  of  the  war,  indicates  that 
many  of  the  practices  now  adopted  in  the  training  of  engi- 
neers are  susceptible  of  modification  and  improvement,  and. 

Whereas,  The  Society  for  the  Promotion  of  Engineering 
Education  should  do  everything  possible  to  advance  the  cause 
of  engineering  education  by  the  establishment  of  standards 
when  necessary  and  by  active  cooperation  with  schools,  col- 
leges and  universities  in  carrying  forward  educational  re- 
search and  experimentation,  and. 

Whereas,  "The  Study  of  Engineering  Education,"  pre- 
pared by  Dr.  Charles  R.  Mann,  and  presented  before  this 
Society  by  the  Joint  Committee  on  Engineering  Education, 
has  set  forth  the  main  points  at  issue  in  such  plain  and  force- 
ful language  that  engineers  and.  educators  alike  have  given 
this  report  most  careful  consideration,  therefore,  be  it 

Resolved,  1.  That  this  Society,  through  its  Committee  on 
Admission,  or  otherwise,  recommend  that  psychological  "ob- 
jective," "trade"  or  other  similar  tests  be  given  to  all  stu- 
dents after  admission  to  engineering  courses  of  study  and  that 
the  ratings  thus  obtained  be  compared  with  their  subsequent 
scholastic  progress. 

2.  That  this  Society  should  recommend  the  establishment 
and  adoption  of  standards,  or  tests,  whereby  the  mental  growth 
of  students  and  their  power  to  assimilate  and  coordinate 
knowledge  may  be  evaluated  in  terms  easily  recognizable  by 
both  educators  and  employers,  such  standards  to  be  applied 
during  and  at  the  end  of  the  course  of  study. 

3.  That  schedules  of  study  for  engineering  students  should 
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call  for  not  more  than  forty-eight  (48)  work  hours  per  week 
(including  recitation,  laboratory,  field  work  and  home  prepara- 
tion), this  time  to  be  divided  among  not  more  than  five  (5) 
subjects  which  require  preparation  outside  of  class  exercise. 

4.  That  Engineering  students  be  required  to  pursue  courses 
which  %rill  develop  their  business  and  administrative  qualities. 
These  courses  should  involve  constant  or  continuous  training 
in  the  use  of  English,  both  oral  and  written. 

5.  That  the  standing  committee  l^e  requested  to  study  and 
report  to  the  Society  the  most  desirable  methods  of  carrying 
on  shop  work  instruction  for  students  pursuing  engineering 
courses. 

6.  That  the  Society  should  cooperate  with  the  national  and 
other  engineering  societies,  with  a  view  to  establishing  a  clas- 
sification of  the  work,  or  positions,  including  specifications 
as  to  necessary  preparation  and  qualifications,  into  which  our 
engineering  graduates  enter,  so  that  undergraduate  students 
would  thus  have  a  clearer  understanding  of  the  work  for 
which  they  are  preparing  themselves  and  instructors  have 
before  them  a  constant  reminder  of  the  main  purpose  of  their 
teaching  work. 

Just  a  word  at  this  point.  No.  1,  you  will  notice,  suggests 
that  these  tests  be  given  the  students  after  they  are  admitted 
to  the  schools.  I  think  few  of  us  are  ready  to  accept  the 
standard  psychological  tests  or  ratings,  the  Army  Test,  call 
it  what  you  will,  and  accept  or  reject  students  on  that  basis 
alone.  Many  of  us  are  dissatisfied  Anth  the  results  of  our 
present  entrance  examinations.  Here  is  a  chance,  it  seems,  to 
add  to  our  knowledge  of  the  student  by  testing  him  after  he 
has  been  admitted ;  and  perhaps  in  the  course  of  a  few  years 
we  shall  gather  data,  which  will  justif.y  us  in  substituting  some 
of  these  newer  forms  of  tests  for  certain  of  our  regular 
entrance  examinations. 

Some  of  us  feel  that  when  our  students  go  out  we  have  very 
little  knowledge  as  to  whether  or  not  they  can  really  use  the 
information  which  they  are  supposed  to  have  absorbed  and 
apply  it  to  practical  problems.     The  Beaux  Arts  method  as 
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employed  in  architectural  courses,  problems  set  by  this  or 
other  societies,  some  kind  of  a  test  of  actual  performance 
might  be  desirable  in  gauging  the  progress  which  the  student 
has  made. 

Together  with  the  preparatory  schools  we  are  interested  in 
the  question  of  entrance  and,  \^ith  the  national  engineering 
societies,  we  are  interested  in  what  oui'  product  can  accom- 
plish. I  believe  we  would  be  justified  in  calling  for  cooper- 
ation on  the  part  of  these  societies,  in  order  to  size  up  our 
product.  In  a  sense,  we  do  not  speak  the  same  language  as 
the  practising  engineer.  The  statistics  presented  by  Dr. 
j\Iann  as  to  what  the  practising  engineer  considers  the  most 
desirable  qualities  which  graduates  should  possess  show  that 
the  engineers  size  up  the  candidates  whom  we  present  in  way 
quite  different  from  that  ordinarily  followed  by  the  colleges 
in  granting  degrees.  I  think  we  should  get  together,  and 
work  out  some  method  whereby  the  student  is  tested  as  to 
what  he  can  really  do  both  at  the  beginning  and  at  the  end 
of  his  course. 

No.  3  is  taken  bodily  from  Dr.  Mann's  report,  and  quotes 
the  figures  presented  by  him  as  a  standard  amount  of 
scheduled  Avork  to   be  recommended  by  this  Society. 

No.  4  falls  in  quite  naturally  with  the  recommendations  of 
the  Conference  on  Commercial  Engineering  held  in  Washing- 
ton, during  the  last  two  days,  namely,  that  all  engineering 
students  should  be  required  to  take  courses  which  prepare 
them  for  administrative  work  and  for  business  activity. 
Training  in  English,  we  all  agree,  should  be  emphasized  and 
there  are  many  opportunities  to  do  so  in  courses  similar  to  the 
War  Issues  Courses  which  were  prescribed  by  the  S.  A.  T.  C. 
authorities. 

It  has  been  many  years  since  this  Society  appointed  a  com- 
mittee on  shop  work.  Dr.  I\Iann  refers  in  his  report  to 
various  methods  of  conducting  shop  work — the  Illinois  system, 
the  Worcester  system,  the  Cincinnati  method,  the  policy  at 
Boston  Tech.,  and  so  on — and  we  hear  constantly  of  the 
desirability  of  increasing  contact  with  actual  work.     Is  it  not 
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time  for  this  Society  to  form  a  committee  which  would  take 
under  consideration  the  various  methods  now  in  operation  and 
tell  us  what  is  the  best  way  by  which  to  carry  on  shop  work 
in  its  broader  sense?  I  hesitate  to  use  the  term  ''motivate," 
but  I  could  not  find  a  better,  and  I  believe  that  shop  work  in 
the  broad  sense  can  be  tied  up  \nth  a  great  many  of  our 
courses. 

No.  6  was  suggested  by  the  experience  of  the  Committee  on 
personnel  in  the  Army,  of  which  Colonel  Scott  was  head.  The 
first  thing  they  ran  up  against  in  preparing  plans  for  picking 
and  training  men  for  army  work  was  the  utter  inability  of 
the  Army  authorities  to  state  just  what  were  the  jol^s  in  the 
Army  for  which  they  needed  men.  They  knew,  of  course,  in 
a  general  way,  as  we  know,  what  the  jobs  are  which  our  stu- 
dents are  to  take  up.  I  believe  that  in  cooperation  with  the 
national  societies,  or  perhaps  on  our  own  responsibility,  we 
should  formulate  a  list  of  positions  or  kinds  of  work  for 
which  our  students  should  be  prepared.  This,  of  course,  is 
also  another  suggestion  of  Dr.  ^Mann's,  namely,  that  we  should 
keep  before  the  students  and  particularly  before  the  members 
of  the  faculty,  the  ideals  and  the  work  for  which  we  are  train- 
ing men.  Such  a  classification  or  list  might  be  very  helpful 
to  the  general  cause  of  engineering  education. 

These  resolutions  by  no  means  cover  all  tJie  topics  con- 
tained in  Dr.  Mann's  report.  The  question  of  languages 
whether,  or  not,  modem  language  should  be  included  in  the 
curriculum,  questions  of  administration  with  regard  to  the 
study  of  the  faculty  itself,  its  organization,  how  it  should 
function,  and  other  topics  of  equal  importance  might  properly 
be  brought  up.  I  present  these  resolutions  on  behalf  of  the 
Committee  as  subjects  upon  which  we  might  begin  our  dis- 
cussion. I  move  you,  Mr.  President,  that  we  discuss  these 
items  one  bv  one. 
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Discussion. 

D.  C.  Jackson:  Mr.  President,  for  the  purpose  of  starting 
this  argument  with  a  bit  of  a  punch  I  am  going  to  make  a 
motion  to  the  effect  that  the  Secretary  of  this  Society  be 
directed  to  send  a  copy  of  Resolution  No.  1  to  the  Chief 
Executive  Officer,  whatever  he  happens  to  be  called,  presi- 
dent, dean  or  chancellor  or  something  else,  of  each  engineer- 
ing school  in  the  country  with  the  request  by  the  Society  that 
it  be  put  into  effect. 

The  President:  Is  that  meant  to  be  substituted  for  a  con- 
sideration of  the  motion  we  had  before  on  the  resolution,  or 
is  it  intended  as  a  discussion? 

Professor  Jackson:  My  understanding  was  that  we  would 
discuss  the  items  one  by  one,  and  my  motion  comes  up  as  an 
entirely  new  matter  with  relation  to  Eesolution  No.  1,  and  I. 
submit  it  is  in  order  under  those  circumst-ances. 

The  President:  The  motion  has  been  made  and  duly 
seconded.  Any  discussion  on  Professor  Jackson's  motion? 
It  is  to  the  effect  that  copies  of  this  first  resolution  be  made 
and  sent  to  the  head  of  each  college  of  engineering  in  the 
countiy  ^^-ith  the  suggestion  that  this  be  put  into  effect. 

Professor  Jackson:  With  the  request  of  the  Society  that  it 
be  put  into  eft'ect. 

The  President:  That,  of  course,  is  in  effect,  this  resolution 
as  printed  here  made  much  more  emphatic. 

Professor  Jackson:  ^Ir.  President,  in  support  of  that  I 
wish  to  suggest  that  putting  it  m  this  form  leaves  this  open 
for  general  discussion  of  the  desirability  of  the  resolution, 
and  in  addition  thereto  the  desirability  of  getting  it  into 
eft'ect  at  once.  If  it  should  be  decided  by  the  members 
after  discussion  that  this  resolution  is  not  a  desirable  one,  of 
course  this  particular  motion  will  be  voted  down,  and  per- 
haps some  amendment  be  made  to  the  resolution  itself.  If  it 
should  be  decided  after  argument  that  this  particular  resolu- 
tion is  a  desirable  one,  then  I  think  we  will  all  agree  that  we 
should  take  this  definitive  action  towards  putting  it  into  effect 
at  an  earlv  date  for  test.     Of  course  such  a  method  as  this 


110  REPORT    OF    SPECIAL    COMMITTEE. 

must  be  recognized  as  an  experimental  move.  There  may  be 
many  people  in  the  faculties  of  engineering  schools  who  will 
hold  that  such  methods  of  measuring  the  abilities  of  students 
as  proposed  here  are  neither  effective  nor  even  wise.  Some 
will  hold  that  they  are  unwise.  Some  will  hold  that  they  are 
a  waste  of  time,  and  some  will  hold  that  they  will  not  be 
effective.  Personally  I  do  not  join  hands  v^ith  any  of  those. 
I  believe  that  such  tests  as  are  proposed  will  be  useful.  They 
may  not  be  adequate  to  take  the  place  of  our  entrance  ex- 
aminations, but  they  should  be  sen'iceable  in  the  way  of 
giving  the  members  of  the  faculties  an  additional  knowledge 
of  the  indi^idual  characteristics  of  the  students.  One  of  the 
difficulties  of  the  engineering  schools  which  exists  at  the 
present  time  and  which  has  existed  for  a  number  of  years  is 
caused  by  the  growth  in  numbers.  Notwitlistanding  the  sub- 
division of  the  student  body  through  the  establishment  of 
additional  courses,  which  makes  the  individual  classes  .smaller 
in  proportion  to  the  number  of  students  than  might  other- 
wise be  the  fact,  the  truth  is  that  classes  grow  so  rapidly  that 
the  individual  professors  are  unable  to  become  quickly  ac- 
quainted with  the  personal  characteristics  of  the  students 
Avhen  they  merely  me€t  them  from  time  to  time — perhaps  two 
or  three  times  a  week — in  large  bodies  in  the  class  room  or  the 
lecture  room.  A  project  of  the  kind  proposed  in  Resolution 
No.  1  should  give  a  material  aid  to  the  professors  in  under- 
standing the  characteristics  of  each  individual  student,  in 
addition  to  the  aid  not  obtained  from  the  usual  markings 
(the  ABC  markings  and  so  on)  of  the  entrance  examinations. 
The  small  engineering  school,  as  I  know  from  my  own  ex- 
perience as  an  undergraduate,  has  the  advantage  that  each 
individual  student  becomes  acquainted  with  some  one  or  more 
of  the  professors  with  a  considerable  degi*ee  of  intimacy. 
And  while  I  suppose  that  the  teachers  in  the  engineering 
school  which  I  attended  as  an  undergraduate  student  thirty- 
five  years  ago  were  not  as  learned  as  the  average  that  we  find 
in  most  of  our  engineering  schools  today  (in  view  of  the 
progress  of  the  world),  the  difference  to  a  student  is  very 
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marked  between,  on  the  one  hand,  coming  in  contact  in- 
timately and  personally,  as  we  then  did,  with  a  few  men  of 
considerable  learning  and  great  earnestness  of  purpose,  and, 
on  the  other  hand,  absorbing  knowledge  in  a  sort  of  a  long 
distance,  impersonal  way —  what  we  would  call  in  electrical 
engineering  "through  remote  control," — that  is,  by  sitting 
in  a  lecture  room  of  the  kind  that  we  are  now  in  and  listening 
to  professors  present  their  subjects.  The  latter  kind  of  con- 
tact does  not  give  to  the  students  the  advantages,  personal  in- 
fluence, which  after  all  goes  towards  the  making  of  broad- 
gauged,  well-educated  men.  One  of  our  faults  is  our  diffi- 
culty in  leading  our  students  to  recognize  the  necessity  of  an 
engineer  being  a  broad  gauged,  able  and  learned  man.  Many 
of  us  are  trying  to  overcome  this  fault — I  think  we  all  are — 
but  I  think  we  all  have  great  difficulty  in  overcoming  it. 

I  am  satisfied,  as  I  have  suggested,  that  to  put  into  effect  the 
tests  here  proposed  in  this  resolution  may  bring  results  which 
will  aid  us  all  as  teachers  by  giving  us  more  knowledge  of  our 
students  as  individuals  so  that  we  can  make  our  influence 
felt  even  on  the  individuals  of  large  classes;  and  we  may 
hereafter  perhaps  want  to  add  similar  tests  from  year  to 
year  as  the  men  progress,  so  as  to  discover  whether  we  are  in- 
creasing the  fertility  and  resourcefulness  of  our  students  as 
far  as  indicated  by  such  tests. 

I  know  that  there  are  many  teachers  who  may  stand  in 
opposition  to  the  view  which  I  express,  but  I  hope  that  the 
motion  will  prevail,  so  that  we  may  have  the  benefit  of  this 
experiment,  which  is  a  move  in  a  new  direction  for  most 
engineering  schools. 

W.  M.  Thornton:  ]\Ir.  President,  I  do  not  feel  inclined  to 
go  into  a  discussion  of  this  report,  but  I  Avould  like  to  ask  a 
question  of  the  mover  of  the  resolution,  as  to  what  the  result 
of  this  action  is  to  be.  And  to  make  that  question  more 
pointed  I  begin  by  telling  you  just  exactly  the  situation  in 
our  own  school.  We  have  a  Freshman  class  every  year,  the 
members  of  which  go  to  five  different  professors.  There  are 
more  than  five,  because  the  classes  are  divided  into  sections, 
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but  each  and  everj-  student  in  turn  receive  the  instruction  of 
five  professors.  He  has  passed  his  entrance  examinations,  or 
whatever  tests  are  accepted  as  equivalents  for  them.  He  then 
takes  his  college  coyrses,  and  in  December  he  has  an  examina- 
tion, in  March  he  has  another,  in  June  another.  Now,  my 
question  is  this :  suppose  that  young  man  satisfies  us  perfectly 
as  to  his  entrance  requirements,  passes  all  of  his  examinations, 
but  falls  down  on  his  intelligence  tests,  what  are  we  to  do  with 
him?  Do  we  know  enough  a]x>ut  these  intelligence  tests  to 
say  to  that  boy's  father,  "Take  your  son  away  from  college, 
he  is  not  fit  to  be  an  engineer. ' '  And  if  you  are  not  going  to 
do  anything  with  the  results  of  the  tests  after  you  take  them, 
is  it  \vise  as  a  question  of  teaching  eflSciency  to  introduce 
them  ?  Is  it  wise  for  any  school  to  impose  upon  the  students 
a  set  of  tests  to  which  ultimately  no  attention  will  be  paid? 
Or  on  the  other  hand  it  is  wise  to  set  aside  the  fact  that  the 
man  has  passed  your  entrance  requirements,  hat  he  has  passed 
all  his  examinations  in  course,  that  he  has  solved  all  his  prob- 
lems, and  has  completed  all  his  plates,  that  he  had  done  all 
his  survey  and  shop  work,  and  turn  him  down  because  on  this 
psychological  tests  he  has  not  satisfied  you?  Which  are  you 
going  to  do?  Are  we  going  to  turn  him  down  because  he 
failed  in  the  psychological  test,  or  are  we  going  to  turn  do\vn 
the  psychological  test?  I  think  we  ought  to  know  that.  Mr. 
President,  before  we  say  to  all  the  engineering  schools  in  the 
United  States.  "We  recommend  that  you  impose  these  tests 
on  all  students  of  engineering.'" 

Professor  George  R.  Chatburn:  I  noticed  on  the  program 
of  the  afternoon  That  we  liave  two  reports,  one  on  mental  tests 
for  engineering  students,  and  the  other  one  on  vocational 
intelligence  examinations  to  fourth  year  mechanical  engineer- 
ing students.  It  seems  to  me  that  it  would  be  well  to  hear 
these  reports  before  we  diseiLss  these  questions  because  it  is 
exactly  the  same  question,  and  I  would  suggest  that  we  hear 
these  other  two  reports,  and  then  return  to  the  discussion  of 
this  particular  point. 
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BY  L.  L.  THUESTONE, 
Assistant   Professor   of   Psychology,   Carnegie   Institute    of   Technology. 

The  interest  of  engineering  educators  in  mental  tests  is  per- 
haps largely  caused  by  the  brilliant  work  that  was  done  by 
Professor  Thorndike.  The  same  interest  among  employment 
and  personal  managers  and  civil  service  boards  and  others  is 
also  caused  perhaps  by  the  use  of  intelligence  tests  in  the  army 
and  the  army  trade  tests.  More  than  one  million  eight  hun- 
dred thousand  men  were  given  mental  tests,  and  several  hun- 
dred thousand  men  were  given  trade  tests  to  determine  their 
trade  status. 

We  have  been  working  over  four  years  at  the  Carnegie  In- 
stitute with  intelligence  tests,  and  we  have  been  checking  up 
the  performance  of  the  students  after  they  have  taken  the 
tests  in  order  to  determine  the  diagnostic  value  of  the  tests. 
We  have  not  excluded  any  students  on  that  basis.  We  have 
simply  given  the  tests  with  the  good  will  of  the  faculty  and 
the  good  will  of  the  students,  and  later  on  we  have  checked  up 
each  of  the  tests  with  the  subsequent  academic  performance 
of  the  students.  We  have  worked  with  over  forty  mental 
tests  in  the  last  four  years,  and  in  the  course  of  a  year  or  two 
we  would  discover  that  certain  tests  have  no  diagnostic  value 
and  we  could  cancel  them  or  we  would  improve  them,  and  we 
would  extend,  amplify  and  devise  new  tests  and  try  them  out. 

I  want  to  describe  very  briefly  how  we  do  that.  We  try  to 
avoid  personal  opinion  as  far  as  possible.  We  have  adopted 
the  statistical  procedure  of  the  life  insurance  men,  the  ac- 
tuarial statisticians,  in  order  to  determine  objectively  the  diag- 
nostic value  of  each  test.  We  avoid  those  arguments  for  and 
against  the  tests  which  are  based  on  individual  cases.    We  do 
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I  will  be  glad  to  answer  questions  on  the  detailed  procedure 
of  the  test,  and  I  should  like  to  see  any  of  you  individually 
who  may  want  to  cooperate  with  us  in  carrying  out  this  pro- 
gram this  fall. 

Discussion. 

G,  M.  Butler:  I  notice  this  test  is  not  psychological.  Do  you 
give  engineering  students  psychological  tests  in  addition  to 
the  engineering  aptitude  test? 

L.  L.  Thurstone:  Yes.  that  is  a  good  point.  Personally  I  be- 
lieve that  the  general  intelligence  examination  is  as  valuable 
as  the  special  engineering  examination  because  if  a  student 
makes  a  high  score  on  the  intelligence  examination  and  if 
he  is  interested  in  engineering,  he  will  make  good  in  his 
professional  courses.  I  think  what  we  really  do  in  giving  a 
special  examination  for  engineering  students  is  to  give  an  in- 
telligence examination  with  engineering  content.  That  is 
really  what  we  are  doing.  An  examination  specially  adapted 
for  engineering  students  is  really  nothing  but  an  intelligence 
examination  with  engineering  content;  and  the  difference  is 
that  the  engineering  test  will  tap  the  interest  of  the  engineer- 
ing student  and  he  will  do  his  best.  It  is  a  little  more  difficult 
to  make  him  do  his  best  with  an  examination  which  is  ob- 
viously irrelevant  unless  the  purpose  of  the  thing  is  pretty 
well  explained.  I  should  not  eliminate  the  general  intelli- 
gence examination. 

Another  reason  for  keeping  the  intelligence  examination  in 
our  program  in  Pittsburgh  is  that  the  intelligence  tests  have 
been  developed  for  four  years  and  have  established  their  diag- 
nostic value  fairly  well. 

The  engineering  test  which  I  just  described  is  a  new  ven- 
ture and  has  not  yet  established  its  diagnostic  value;  but  in 
another  three  or  four  months  we  shall  have  worked  up  the 
data  so  as  to  answer  that  question, 

Wm.  T.  Magruder:  Do  you  not  find  there  is  a  difference  in 
the  adjustment  or  line  or  the  grade  of  line  for  the  psycholog- 
ical test  and  the  engineering  aptitude  tests?     (Drawing  dia- 
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to  determine,  if  possible,  the  reason  for  the  discrepancy  be- 
tween the  test  and  the  scholastic  standing. 

We  find  such  cases  as  this :  A  student  will  make  a  high  score 
on  the  tests  and  will  be  a  poor  student.  "We  interpret  such  a 
case  by  saying  that  very  likely  the  student  is  bright  but  lazy 
or  he  has  other  interests.  He  may  have  financial  difficulties 
or  other  distracting  interests.  Now,  that  sort  of  case  could 
explain  the  situation.  He  might  make  a  high  score  on  the 
tests  and  be  poor  in  scholarship.  On  the  other  hand  we  may 
have  students  who  make  low  scores  in  the  tests  and  who  make 
goo(^  in  their  subsequent  school  work.  There  we  verj^  often 
find  that  the  student  took  a  frivolous  attitude  in  the  tests. 
"We  also  have  the  discrepancies  caused  b}'  the  bright  student 
who  is  not  essentially  interested  in  the  course  he  is  taking. 

The  mental  tests  give  us  that  much  more  information  about 
the  student,  and  when  his  ease  comes  up  for  discussion  we 
have  not  only  those  records  but  all  this  other  information 
about  the  student.  In  no  case  do  we  attempt  to  determine  the 
fate  of  a  student  solely  on  the  basis  of  the  intelligence  tests. 

Now,  I  have  made  some  comparisons  between  the  tests  and 
several  other  criteria.    I  took  one  group  of  students  for  which 
w^e  had  the  college  entrance  examination  in  algebra,  the  dean's 
interview  rating  and  the  high-school  principal's  rating.     I 
pooled  those  three  criteria — the  college  entrance  examination 
in  algebra,  the  interview  rating  and  the  high-school  principal's 
interview^  or  estimate.    I  correlated  the  result  of  that  with  the 
freshman  scholarship  and  got  the  correlation  coefficient,  -f  0.40 
which  is  fairly  good  as  these  coefficients  run.     Then  I  took 
three  of  our  tests  for  the  same  students,  took  the  same  grade, 
and  I  got  a  coefficient  of  +  0.48,  which  is  just  a  little  higher. 
Then,  combining  all  six  of  these  criteria,  I  got  a  still  higher 
coefficient  of  correlation — I  got  +  .57.     In  other  words,  our 
prediction  of  the  standing  of  the  student  will  be  much  im- 
proved if  we  make  use  of  all  of  the  available  information  about 
that  student  instead  of  limiting  ourselves  to  the  old  conven- 
tional criteria. 
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I  do  not  believe  that  we  should  exclude  the  college  entrance 
examinations.  Perhaps  they  may  be  modified  in  form.  I  do 
not  believe  that  we  should  exclude  the  high-school  scholarship 
as  a  criterion  for  admission.  But  I  do  think  that  if  the  tests  by 
an  extensive  investigation  establish  a  diagnostic  value  equal 
to  the  diagnostic  value  of  the  criteria  that  we  are  now  using, 
we  should  be  justified  in  adding  the  mental  tests  to  the  list  of 
criteria  that  we  are  now  using. 

After  experimenting  with  these  forty  tests  we  finally  se- 
lected for  this  years  program  a  series  of  eight  tests,  and  we 
printed  them  in  two  pamphlets.  I  have  some  samples  with  me. 
I  am  sorry  I  do  not  have  enough  to  go  around.  That  is  one 
of  the  pamphlets,  and  here  is  another  one. 

"We  printed  these  eight  tests  in  what  we  call  cycle  form  and 
gave  the  tests  to  the  students.  Those  eight  tests  are  the  best 
out  of  forty  as  determined  by  the  statistical  procedure  I  just 
mentioned. 

It  seems  to  me  that  before  determining  just  what  weight  to 
give  to  the  tests  we  ought  to  carry  out  an  investigation  com- 
paring the  diagnostic  value  of  these  six  criteria.  We  have  the 
regular  college  entrance  examinations,  which  I  think  should 
be  retained,  of  course.  Then  we  have  the  high-school  scholar- 
ship records,  which  are  probably  available,  and  that  consti- 
tutes another  criterion.  Then  we  can  probably  get  the  high- 
school  principal's  estimate  of  the  student.  That  is  another  dis- 
tinct criterion.  Then  if  the  dean  of  the  engineering  college,  or 
some  of  the  faculty,  interview  the  applicant  or  the  new  stu- 
dent, that  interview  should  result  preferably,  I  think,  in  some 
sort  of  rating  which  can  be  quantified  and  studied  statistically. 
And  then  we  have  the  intelligence  examination,  which  can  be 
put  in  as  one  of  the  criteria.  If  it  makes  good,  it  would  be 
retained ;  if  it  does  not,  it  could  be  canceled. 

And  then  it  might  be  advisable  to  devise  a  special  test  for 
engineering  students — a  vocational  engineering  aptitude  test, 
which  should  be  so  devised,  I  think,  as  to  bring  out  those 
qualities  of  mind  which  the  high  school  student  should  pos- 
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sess  in  order  to  succeed  in  an  engineering  course,  but  it  should 
not  emphasize  too  strongly  those  parts  of  the  high-school 
course  which  would  depend  entirely  on  memory. 

Now,  if  we  have  these  six  criteria,  the  students  who  enter  in 
engineering  colleges,  and  then  later  on,  a  year  later  or  two 
years  later,  check  up  each  one  of  those  six  criteria  with  col- 
legiate and  professional  performance,  we  shall  be  able  to  de- 
termine just  how  to  weight  these  various  criteria  for  ad- 
mission. 

The  preliminary  indications  are  that  the  intelligence  tests 
are  at  least  as  valuable  diagnostically  as  the  other  criteria. 
But  the  final  answer  should  be  reserved  until  we  have  pooled 
results  from  a  number  of  colleges. 

Answering  the  question  that  was  raised,  if  a  single  student 
fails  in  the  intelligence  examination,  he  would  of  course  be 
admitted  to  the  college.  If  he  makes  good;  if  he  passes  his 
examinations,  of  course  he  is  retained  in  spite  of  the  fact  that 
he  failed  in  the  intelligence  examination.  If  that  happens 
very  frequently,  we  have  to  cancel  the  intelligence  examina- 
tion as  part  of  the  admission  requirements.  If  those  cases  are 
rare,  it  would  do  no  harm,  because  before  admitting  the  stu- 
dent we  have  his  entrance  examination,  the  intelligence  exami- 
nation, a  special  engineering  aptitude  examination,  the  dean's 
interview  rating  and  his  high-school  scholarship,  and  so  you 
will  see  that  the  intelligence  examination  is  only  one  of  the 
several  criteria  before  the  committee  that  determines  whether 
this  student  is  to  be  admitted.  If  he  is  down  in  all  of  these 
six  criteria  he  would  be  excluded ;  but  I  should  say  that  if  he 
is  down  in  any  one  of  these  criteria  and  fairly  well  up  in  the 
others,  he  ought  to  be  admitted. 

The  tests  that  I  have  just  described  are  the  result  of  four 
years  of  experimentation  in  that  line,  and  I  feel  that  we  are 
just  crawling  out  of  the  preliminary  experimental  stage,  and 
we  are  entering,  I  think,  on  a  second  pl;ase  of  that  work  in 
which  we  can  combine  investigation  with  service.  I  do  be- 
lieve that  we  can  gain  valuable  information  about  the  mental- 
itj-  of  a  student  on  the  basis  of  these  examinations.     I  think 
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that  has  been  established,  but  not  firmly  enough  to  warrant 
us  in  recommending  that  they  be  used  exclusively  for  admis- 
sion.   We  should  not  recommend  that. 

We  have  made  another  attempt  in  starting  to  develop  a  test 
specially  adapted  for  engineering  students.  This  examina- 
tion that  I  am  distributing  now  is  the  first  attempt,  and  you 
will  no  doubt  notice  that  it  is  a  crude  one.  I  think  that  a 
further  attempt  of  that  sort  should  be  made  by  pooling  the 
very  best  judgment,  such  as  can  be  obtained  from  this  Asso- 
ciation. And  before  we  carry  out  an  extensive  program  of 
that  sort  it  would  be  well  if  the  committee  or  committees  in 
charge  of  this  work  could  get  together  and  devise  these  tests 
or  at  least  go  over  the  material  before  it  is  printed  for  next 
year's  program.  I  should  like  to  extend  an  invitation  to  those 
of  you  who  want  to  use  our  material,  to  make  use  of  the  tests 
that  we  are  devising  for  the  September  issue.  We  should  be 
glad  to  have  you  cooperate  with  us  in  devising  tests,  especially 
tests  for  engineering  students,  and  then  we  might  give  these 
tests  on  some  day  in  September  after  the  students  have  been 
admitted  and  started  their  college  work  and  latei:  in  the  spring 
of  the  following  year  collect  our  data  for  the  te^t  scores  and 
the  academic  standing  of  the  students  to  determine  the  diag- 
nostic value  of  the  tests. 

At  the  Carnegie  Institute  our  plan  is  to  give  all  of  the  enter- 
ing students  a  complete  series  of  intelligence  examinations  as 
their  first  academic  exercise.  Admission  will  not  be  deter- 
mined by  that  test.  In  other  words,  we  want  to  test  the  tests 
before  we  test  the  students  by  means  of  them. 

We  try  to  get  the  right  attitude  of  the  student  by  giving  the 
student  the  examination  on  his  very  first  day  in  college.  He 
is  then  in  a  better  attitude  to  take  the  test  and  he  will  go  after 
it  and  do  his  best :  whereas  if  you  give  the  test  later  on,  he 
may  not  do  his  best  because  he  realizes  that  nothing  depends 
on  it. 

That  is  not  as  serious  a  diflSculty  as  it  might  seem.  I  find  it 
is  easy  enough  to  get  the  good  will  of  the  student  by  which 
thev  will  do  their  very  best. 
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not  like  to  exclude  or  retain  a  test  because  somebody  finds  that 
this  or  that  particular  student  failed  in  the  test  or  made  good. 
We  want  the  records  of  all  the  students  to  count  in  determin- 
ing the  value  of  the  test,  so  we  plot  what  we  call  a  scatter- 
diagram,  showing  these  variables.  One  variable  is  the  test 
score  objectively  determined.  We  try  to  arrange  the  tests  so 
they  can  be  scored  by  stencils  and  by  clerks  who  may  not  even 
understand  the  content  of  the  test.  That  is  the  ideal  form  of 
test,  in  which  the  test  score  would  be  the  same  no  matter  who 
scores  it. 

And  then  we  plot  the  scholarship  standing  of  the  student. 
We  have  two  different  forms  of  criteria  for  determining  the 
academic  standing  of  the  student.  We  have  the  scholarship 
pooled,  the  average  scholarship  in  all  the  subjects,  and  also  the 
scholarship  in  the  individual  subjects.  Besides  that  we  ask 
the  instructors  to  rate  each  student  on  a  scale  of  from  one  to 
ten,  and  we  use  these  instructor's  estimates  as  criteria  for 
checking  up  our  tests. 

We  have  then  these  instructor's  estimates,  and  also  the 
scholarship  grades.  What  we  get  is  a  diagram  with  one  point 
for  each  student.  (Diagram  drawn  on  board.)  Here  we  have 
the  score  in  the  test.  Here  we  have  the  scholarship  standing 
of  the  student  or  the  average  instructor's  estimates.  If  the 
test  is  a  good  one,  then  the  points  will  be  arranged  diagonally 
in  that  chart — that  is,  the  hig-her  the  score  in  the  test,  the 
higher  will  be  the  rating  by  the  instructor. 

Now,  there  are  exceptions.  There  are  always  exceptions. 
If  the  test  is  a  poor  one,  then  those  points  scatter  all  over  the 
diagram ;  and  in  order  to  get  a  definite  statement  of  the  diag- 
nostic value  of  the  test  we  calculate  the  correlation  coefficient 
— the  coefficient  used  by  actuarial  statisticians.  We  use  this 
regression  line  in  studjdng  our  diagrams  so  as  to  avoid  per- 
sonal opinion. 

Then,  we  also  study  individual  cases,  those  cases  which 
occur  in  this  quadrant  and  in  that  quadrant,  and  we  interview 
those  students,  and  make  further  inquiries  of  the  instructors 
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gram  on  board.)  Do  you  not  find  there  is  something  of  that 
kind  ? 

Professor  Thurstone :  This  will  be  scholarship  and  this  will 
be  grade  ? 

Professor  Magruder:  And  rank. 

Professor  Thurstone:  In  the  test? 

Professor  Ma^uder:  Have  you  compared  them  with  your 
results  ? 

Professor  Thurstone:  We  have  in  a  preliminary  way.  "We 
have  made  a  comparison  between  the  engineering  test  and  the 
instructors  estimates  based  on  ten  weeks'  acquaintance. 
They  give  about  the  same  soeffieient  that  we  would  get  from 
the  intelligence  tests  after  ten  weeks'  acquaintance.  The  co- 
efficients are  not  quite  as  high  as  those  we  obtained  after  one 
year's  acquaintance  with  the  students.  Both  of  the  lines, 
based  on  ten  week's  acquaintance,  are  practically  the  same. 
But  they  may  shift  when  we  come  .to  compare  the  grades  in 
the  tests  with  the  scholarship  after  one  year.  That  I  can  not 
answer  yet. 

Dean  Butler:  Do  you  make  any  difference  in  giving  these 
psychological  tests  between  the  man  who  answers  all  his  ques- 
tions as  far  as  he  goes  and  does  not  finish  up  and  the  man  who 
goes  clear  through  and  does  not  answer  so  well  ? 

Professor  Thurstone :  Yes.  we  do  that  in  this  way :  TVe 
score  the  tests  in  several  ways.  "We  will  score  a  test  by  count- 
ing only  the  number  of  right  responses  in  a  given  time.  We 
give  a  time  limit  say  of  thirty  minutes  for  the  examination, 
and  then  we  score  the  papers  by  counting  only  the  number  of 
correct  responses,  and  then  by  counting  the  number  of  cor- 
rect responses  minus  the  number  of  errors  made,  and  the 
number  of  correct  responses  minus  half  the  number  of  errors 
made.  As  a  matter  of  fact  we  can  determine  by  the  method 
of  partial  correlation  how  much  to  count  off  each  error.  It 
varies  from  one  test  to  another.  We  do  that  with  other  tests. 
The  engineering  test  which  you  now  have  is  one  of  the  new 
tests,  and  I  cannot  make  this  evaluation  until  I  get  the  schol- 
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arship  records  at  the  end  of  this  year.  However,  I  have  made 
that  evaluation  on  the  first  two  pamphlets  that  I  distributed, 
and  there  the  test  scoring  method  is  to  count  simply  the  num- 
ber of  correct  responses  in  the  thirty  minutes  allowed.  Prac- 
tically nothing  is  gained  by  counting  the  number  of  errors. 

C.  F.  Allen:  Mr.  President,  I  would  like  to  inquire  in  what 
respect  this  test  of  engineering  aptitude  differs  from  a  set  of 
questions  given  by  an  engineering  professor  who  thoroughly 
understands  his  business? 

Professor  Thurstone:  That  is  a  perfectly  legitimate  ques- 
tion, and  it  is  very  easily  answered.  The  fundamental  differ- 
ence between  a  mental  test  for  engineering  students  and  a 
test  which  is  given  at  the  end  of  his  course  would  be  this,  that 
the  test  given  at  the  end  of  his  course,  depends  largely  on  the 
memory  of  the  detailed  content  of  that  course.  It  also  de- 
pends of  course  on  the  memory  of  the  procedure  and  the  use 
of  empirical  formulae  and  so  on.  In  an  examination  for  engi- 
neering aptitude  the  bright  and  talented  student  who  has  been 
away  from  high  school  three  or  four  years  and  who  only  re- 
tains the  fundamental  concepts  of  physics,  and  perhaps  the 
very  rudiments  of  his  algebra,  would  make  a  high  score  on  an 
aptitude  test  because  it  should  not  require  him  to  use  mate- 
rial which  is  simply  dependent  on  the  memory  of  detailed 
facts.  He  is  only  called  upon  to  use  his  good  common  sense 
in  solving  problems  which  are  related  to  engineering.  He  has 
to  use  only  the  fundamental  concepts  of  his  high-school  work. 
There  is  a  very  fundamental  difference  between  those  two ;  and 
that  is  exactly  what  we  are  driving  at.  If  we  are  to  use  the 
tests  for  freshmen,  j^ou  cannot  very  well  test  them  on  engi- 
neering knowledge  that  thej'  have  not  yet  acquired. 

Professor  Allen :  Mr.  President,  the  question  may  still  arise 
as  to  whether  the  engineer,  who  understands  his  business,  is 
going  to  ask  questions  which  largely"  depend  on  knowledge.  I 
would  like  to  ask  a  question  which  may  be  irrelevant,  whether 
this  test  for  intelligence  has  ever  been  given  to  members  of  the 
faculty. 

Professor  Thurstone:  It  has,  but  not  officially! 


AN    EXPERIMENT    IN    VOCATIONAL   INTELLI- 
GENCE TESTING  OF  FOURTH-YEAR  ME- 
CHANICAL ENGINEERING 
STUDENTS. 

BY  WM.  T.  MAGRUDER, 
Professor  of  Mechanical  Engineering  The  Ohio  State  University. 

During  the  recent  1919  inspection  trip  for  electrical  and 
mechanical  engineering  students  of  the  Ohio  State  Univer- 
sity, the  remark  was  made  by  an  engineering  executive  and 
employer  that  his  company  had  been  trying-out  some  of  the 
college  men  that  had  been  sent  to  them  with  the  result  that 
they  found  that,  in  a  number  of  cases,  those  students  who 
were  most  highly  recommended  by  their  professors  as  being 
among  the  very  best  men  in  the  class  were  found  to  be  corre- 
spondingly deficient  when  it  came  to  work  on  the  testing 
floor,  and  that  they  seemed  to  lack  that  quality  which  he 
termed  "mechanical  sense''  and  which  used  to  be  known  by 
the  name  of  ''gumption"  or  "intuition."  but  which  is  now 
dignified  by  the  titles  of  "vocational  intelligence"  and  "en- 
gineering aptitude." 

The  reading  public  has  heard  so  much  of  "mental  tests," 
"psychological  tests,"  "intelligence  tests"  and  the  like, 
since  the  psychologists  showed  the  army  how  best  and  most 
easily  and  systematically  to  select  men  for  the  specific  job 
for  which  men  were  wanted,  that  the  idea  of  applying  some 
such  test  to  those  students  who  were  about  to  be  graduated 
and  recommended  to  the  employers  was  not  as  novel  as  it 
would  have  been  five  years  ago.  The  novelty  of  the  so-called 
"army  tests"  lay  not  so  much  in  the  tests  themselves  as  in 
the  systematic  and  wholesale  way  in  which  they  were  admin- 
istered and  the  satisfactory  results  which  were  obtained ;  for, 
it  must  be  remembered  that  many  people  have  been  applying 
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for  centuries  past  their  own  tests  for  mentality  and  intelli- 
gence in  the  selection  of  men. 

But  the  question  was  immediately  asked,  "What  do  you 
mean  by  ' Intelligience '  aaid  by  'Vocational  Intelligence'? 
What  is  it  that  you  want  to  find  out  about  these  students 
that  we  do  not  already  know  after  having  had  them  for  three 
semesters  in  the  class-room  and  laboratory?"  Many  are  the 
definitions  of  "intelligence"  that  are  now  available.  We 
suggest  that  it  is  the  "ability  to  conceive,  develop,  transmit, 
and  understand  thought,"  and  that  it  may  be  divided  into 
general,  or  mental  intelligence,  physical,  moral,  spiritual,  and 
religious  intelligence.  Each  of  these  may  be  subdivided  as 
one's  fancy  and  needs  may  suggest.  Vocational  intelligence 
is  therefore  applying  mental  and  physical  intelligence  to 
one's  vocational  work. 

When  it  came  to  devising  tests  that  would  correctly  meas- 
ure some  such  ability,  it  was  found  that  the  army  had  not 
followed  up  the  "Stenquist  Construction  Tests,"  but  had 
relied  upon  the  achievement  tests  in  mathematics  and  Eng- 
lish. The  probable  reasons  therefor,  we  soon  discovered, 
were  due  to  the  need  for  a  greater  number  of  instructors  and 
for  a  much  larger  amount  of  equipment,  and  to  the  greater 
difficulty  and  time  consumed  in  accurately  grading  the 
results. 

The  department  was  willing  to  try  the  experiment  this 
year  with  a  class  of  only  ten  students,  left  after  the  ravages 
of  the  Navy,  the  Army,  the  flu,  and  the  S.  A.  T.  C.  had 
halved  the  usual  class,  but  does  not  promise  to  do  so  again. 
Five  instructors  conducted  the  tests,  or  an  average  of  one 
for  each  two  students. 

At  the  appointed  time,  each  student  was  given  a  type- 
written sheet  reading  as  follows: 
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THE  OHIO  STATE  UNIVERSITY. 

No.  Name 

A  Competitive  Test  of 

A^'OCATIONAL   INTELLIGEXCE   IN    MECHANICAL   ENGINEERING   WORK 

GmiN   TO   Fourth-Year  Students   in   Mechanical   Engineering. 
May  22,  1919.  1:00  to  4:00  P.M. 

1:00  o'clock.  The  result  of  this  examination  will  not  effect  your 
Engineering  College  grades.  The  object  of  this  test  is  to  determine  your 
vocational  intelligence  (mental  and  manual)  in  performing  certain  me- 
chanical engineering  operations  requiring  knowledge,  experience,  judg- 
ment, correctness,  accuracy,  skill,  and  a  coordination  of  brain  and  muscle. 
Each  test  wUl  be  graded  on  the  amounts  of  these  qualities  shown.  A 
bonus  on  each  test  will  be  given  for  time  not  used  within  the  time  limit, 
according  to  the  following  schedule:  50%  for  saving  §  the  allowed  time, 
30%  for  half  time,  15%  for  J  time,  5%  for  saving  i  the  allowed  time, 
and  proportional  amounts  for  other  times  saved. 

Follow  the  time  schedule  promptly.  Time  will  begin  when  the  question 
is  handed  to  you,  and  end  when  you  call-  time  or  when  it  has  expired. 

Go  to  the  benches  in  the  south  bay  of  the  main  laboratory  but  do  not 
touch  the  articles  thereon  until  time  is  called. 
Test  I.     1:40  to  1:14  P.M. 

Test  II.     Go  to  the  Boiler  Laboratory.  Time  to 

Test  III.     Go  to  the  Buffalo, 

Sturtevant, 

Straight    Line    engine.      Time  to 

Te?t  IV.     Go  to  the  Blake, 

Knowles  pump.  Time  to 

Await  your  turn.     If  you  have  an  idle  period,  use  your  time  as  you  see 
fit,  but  do  not  go  to,  or  observe,  the  test-s  being  made. 

Your  cordial  cooperation  in  the  working  out  of  these  tests  is  requested 
for  the  mutual  benefit  and  experience  to  be  gained  by  yourself  and  all 
concerned. 

It  i.s  thought  that  the  title  "competitive  test"  was  much 
to  be  preferred  to  the  usual  title  of  "examination,'"  The 
statements  as  to  the  "re.sult.s"  and  "objects"  of  the  tests  and 
the  simplicity  of  the  first  test  were  intended  to  inspire  confi- 
dence in  the  students  and  thereby  obtain  their  best  efforts. 
The  statement  of  the  object  of  the  test  forms  a  good,  though 
long,  definition  of  "vocational  intelligence."  The  idea  of  a 
"bonus"   cau.sed  them  to  use   their  best   efforts  until   they 
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became  discouraged  and  saw  that  they  could  not  gain  any 
points  by  extra  exertion. 

For  the  first  test,  each  student  was  provided  with  a  Cres- 
cent or  "Wescott  wrench,  a  screw  driver  of  suitable  size,  and 
a  3"  by  5"  card,  reading,  "Take  this  wrench  apart  and  put  it 
together  correctly  with  the  jaws  in  the  closed  position.  Time 
limit,  four  minutes.  Weight,  25  points."  The  time-limit 
was  purposely  made  excessive.  From  63  seconds  to  four 
minutes  were  required.  Six  averaged  89  seconds.  No.  7 
required  three  minutes.  One  required  four  minutes,  and  two 
could  not  succeed  in  getting  the  screw  out  because  of  lack  of 
strength,  or  a  pliers,  with  which  to  extract  it. 

On  account  of  lack  of  equipment,  the  last  three  tests  were 
made  in  groups,  according  to  a  schedule,  and  in  different 
parts  of  the  laboratory  so  that  suggestion  by  observation  was 
improbable. 

Test  II.  read:  "Adjust  a  platform  scale;  weigh  yourself; 
record  the  result;  take  the  scale  completely  apart,  except  the 
post-studs ;  put  the  scale  together  completely  and  correctly ; 
balance  the  beam;  weigh  yourself;  and  record  the  result. 
The  use  of  a  six-inch  screw  driver  and  an  eight-inch  monkey 
wrench  will  be  permitted.  (They  were  provided.)  Time 
limit,  thirty  minutes.  Weight,  150  points."  This  was  a 
problem  in  mechanics,  physics  and  shop  manipulation.  That 
no  one  had  ever  taken  a  platform  scale  apart  before  was 
shown  by  the  numerous  wrong  ways  used  to  knock  down  a 
scale.  The  real  use  of  a  knife-edge  in  a  lever  was  a  novelty 
to  some.  The  time  to  assemble  varied  from  six  to  over  100 
per  cent,  more  than  that  to  disassemble.  One  man  did  it 
in  20y2  minutes  when  thirty  minutes  were  allowed.  Two 
others  finished  within  the  time  limit,  and  four  just  beyond. 
Three  were  distanced.  There  were  38  operations.  By  de- 
ducting four  points  from  the  150  total  for  each  operation 
omitted,  or  not  completed  within  the  time,  it  was  easy  to 
keep  the  score.  One  student  claimed  that  he  lost  a  pound  of 
perspiration  in  the  half  hour,  but  this  was  due  rather  to 
too  much  hurry  in  balancing  the  scales  before  weighing 
himself. 
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The  third  test  was  in  steam  engineering  laboratory  work 
based  upon  class-room  work.  The  card  read,  "Attach  an 
indicator  to  a  steam  engine  (35-hp.  horizontal)  when  running 
under  load  and  take  an  indicator  diagram  of  a  height  desir- 
able for  the  pressure.  When  a  diagram  which  is  satisfactory 
to  you  has  been  taken,  remove  the  indicator  and  put  it  in 
its  box  exactly  as  you  found  it.  Time  limit,  thirty  minutes. 
Weight,  250  points."  Every  student  had  indicated  the 
engine  with  the  indicator  used  many  times  during  his  course ; 
but,  due  to  nervousness,  hurry,  thoughtlessness,  and  the  like, 
some  very  interesting  mistakes  were  made  and  time  consumed, 
such  as  in  using  too  light  a  spring,  too  long  a  cord,  a  loose 
piston,  or  neglecting  to  clean  the  indicator  before  putting  it 
away.  Nineteen  operations  were  involved.  One  man  did  it 
in  lYo  minutes,  and  one  in  eight  minutes.  Several  required 
about  twenty  minutes,  and  none  over  21  minutes.  This  shows 
that  the  estimate  of  time  required  was  excessive. 

The  fourth  test  was  in  stationary,  steam,  and  hydraulic 
engineering  laboratorj'  work,  and  required  a  strictly  work- 
ing knowledge  of  physics.  The  card  read:  "Prepare  a  steam 
pump  for  proper  operation;  start  it  up  and  run  it  as  it 
slioukl  be  run,  drawing  water  from  bay  no.  3,  and  discharg- 
ing all  of  it  at  40-pounds  gage  pressure  into  bay  no.  5.  Close 
down  and  leave  the  pump  in  proper  order.  ITime  limit, 
thirty  minutes.  Weight,  350  points."  Every  student  had 
operated  the  pump  many  times  before,  but  never  just  in  this 
way.  It  required  knowledge  and  thought  to  remember  to  see 
that  the  exhaust-pipe  valve,  the  cylinder  drip-cocks  and  the 
proper  suction  and  discharge  valves  were  open,  that  the  other 
valves  were  closed,  to  close  the  drip-cocks,  to  start  the  lubri- 
cator, and  to  do  all  the  35  things  that  were  needed  to  be  done 
to  make  a  perfect  score. 

The  tests  lasted  two  hours  and  a  half,  one  half  hour  of 
which  was  wasted  due  to  not  having  sufficient  dn})lieate  steam 
pumping  sets.  At  the  end  of  the  tests,  the  records  of  the 
marks,  times  spent,  bonuses  gained,  totals  made,  and  ranks 
obtained  were  tabulated  and  put  on   a  blackboard  for  the 
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benefit  and  study  of  all   concerned.     These  results   created 
some  surprises  among  both  students  and  instructors.     The 
best  man  m  these  tests  made  a  score  of  649  points  out  of  a 
possible  775,  and  333  points  for  bonuses  earned  for  time  not 
used  or  a  total  of  982  points.     The  man  of  lowest  rank  made 
404,  of  which  21  points  were  obtained  from  excessive  time 
allowed  for  the  indicator  test.     The  quick-thinking,  nertous 
student  got  rattled  and  did  not  do  so  well  as  the  more  method- 
ical  and   systematic   man.     The   deliberate   and   cool-headed 
men  came  out  best,   especially  when  to  these  qualities  was 
added  speed.     One  student  who  had  had  but  little  shop-work 
and  did  not  graduate  in  June  in  consequence  thereof    was 
second  in  rank.     If  he  had  had  his  shop  courses,  he  mio-ht 
have  been  first.     The  student  who  is  doubtless  the  best  in 
mathematical  and  in  theoretical  work  and  had  done  the  least 
amount  of  laboratory  work,  came  out  near  the  lower  end. 

Before  the  tests,  the  five  instructors  had  written  down  their 
estimates  of  the   ranks   of  the   students.     These   have   been 
averaged  and  the  errors  summated.     The  coefficient  of  corre- 
ation  IS  37  per  cent.    From  these  last  results,  it  would  seem 
that   the   quiet,   deliberate,   diffident  student  is  going  to  be 
ranked  by  estimate  of  his  instructors  below  what  he  shows 
by  such  tests  as  these  that  he  deserves.     It  would  seem  that 
a  class-room  instructor  is  not  so  good  a  judge  of  vocational 
and  manual  intelligence  as  is  a  laboratory  instructor.     With 
such  tests  in  vocational  intelligence,  properly  go  tests  of  the 
instructors  in  vocational  estimating  and  guidance.     We  com- 
mend  to   all   engineering  teachers,   and  particularly  to  the 
heads  of  departments,  a  study  of  the  accuracy  of  their  judg- 
ments of  their  students,  and  how  that  factor  in  their  work 
can   be  improved. 

It  is  suggested  that  when  vocational  intelligence  tests  are 
given,  that  they  be  given  in  the  middle  of  the  fourth  year 
rather  than  at  the  end.  We  advocate  the  use  of  mental  tests 
at  the  beginning  of  the  college  course  and  of  vocational  intel- 
ligence tests  of  all  engineering  students  at  the  beginning  of 
the  first  year,  the  end  of  the  second  year,  and  the  middle  of 
the  fourth  year. 
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We  are  well  aware  that  no  final  conclusions  should  be 
drawn  from,  such  a  very  small  number  of  examples,  but  such 
is  not  the  object  of  this  paper,  but  rather  to  get  others  to 
think  along  these  lines,  make  tests  of  themselves  and  their 
students,  and  let  us  have  an  accumulation  of  the  reports  of 
the  results. 

Many  similar  and  different  tests  will  suggest  themselves  to 
experienced  teachers,  not  only  in  mechanical  engineering  but 
in  the  other  branches  of  our  profession.  For  many  years  the 
department  has  used  the  indicator  assembly  test  in  examina- 
tions in  laboratory  work  and  obtained  occasionally  surpris- 
ing signs  of  ignorance  and  lack  of  intelligence.  But  these 
have  always  been  with  a  cold  indicator  and  not  on  the  engine. 
Of  course,  questions  may  be  raised  as  to  how  far  such  tests 
tell  us  of  the  natural  ability  of  the  student  as  compared  with 
his  ability  obtained  by  training  and  repetition.  Might  not 
very  different  results  have  been  obtained,  if  their  vocational 
intelligence  had  been  tested  by  the  use  of  instruments  which 
were  new  to  the  students'?  The  platform-scale  test  was  evi- 
dently of  this  class. 

Do  such  tests  give  one  a  measure  of  tlie  judgment  of  the 
student,  his  initiative,  his  technical  knowledge,  his  ability  to 
express  himself,  and  to  argue  his  ease?  To  all  of  such  ques- 
tions it  may  be  replied  that  this  was  the  department's  first 
attempt,  that  no  superior  wisdom  is  claimed  for  these  four 
questions,  that  they  were  not  intended  to  try  to  test  all 
branches  of  human  mentality,  nor  to  test  the  student's  intel- 
ligence as  a  linguist,  a  logician,  or  a  scientist.  They  are  of 
quite  limited  application,  and  should  be  used  with  both  sense 
and  judgment  so  as  not  to  injure  the  reputation  of  the 
student. 

It  is  respectfully  suggested  that  others  try  their  hand  at 
preparing  suitable  questions  that  can  be  used  in  college  labo- 
ratories with  the  equipments  there  available,  and  let  the 
Society  have  the  benefit  of  their  experiences. 
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Discussion. 

T.  U.  Taylor:  I  understand  that  there  are  several  papers 
here,  and  I  think  they  ought  all  to  be  presented  and  then  dis- 
cussed later. 

The  President:  Only  two,  I  understand,  refer  to  this,  and 
as  we  have  six  of  these  resolutions  I  hope  we  will  have  short 
discussions  and  to  the  point.    We  want  a  terse  discussion. 

Dean  Taylor:  I  have  serious  misgivings  in  regard  to  this 
Question  1 ;  however  you  see  my  name  as  a  memher  of  the 
Committee.  There  are  only  two  of  us  here  We  had  a  con- 
ference this  morning.  I  differed  about  this,  about  its  useful- 
ness; and  for  fear  too  much  would  be  claimed  for  it  I  was 
afraid  to  have  it  printed,  but  I  let  it  go  through  with  this  ex- 
press understanding  that  we  would  try  it  out  for  what  it  is 
worth;  and  I  think  the  limitations  have  been  fully  presented 
here  in  the  discussion  that  followed  President  Thornton 's  ques- 
tions. If  we  expect  it  to  work  any  revolutionary  results,  I 
think  we  will  be  seriouslj^  disappointed.  I  only  agreed  that 
this  test  should  be  after  admission,  and  then  should  be  used 
only  as  information  for  the  present.  It  may  lead  to  very 
substantial  results.  We  hope  it  will.  I  must  say  that  I  have 
several  misgivings  in  regard  to  it  for  two  very  decided  reasons. 

One  of  our  professors  who  was  very  enthusiastic  in  regard 
to  the  tests  was  at  work  in  our  institution,  the  University  of 
Texas  and  claimed  verj'  decided  advantages  for  these  tests, 
and  claimed  very  decided  predictions  could  be  made.  It  is  a 
coeducational  institution,  and  he  is  very  much  attracted  to  a 
certain  j^oung  lady,  and  be  conceived  the  idea  that  he  could 
apply  this  test  to  ascertain  the  state  of  her  affection.  A  cer- 
tain test  was  applied,  and  he  drew  very  enthusiastic  conclu- 
sions, therefrom,  and  three  weeks  later  she  married  another 
fellow. 

The  President:  Does  that  apply  to  engineering  students? 

Dean  Taylor :  No.  The  second  misgiving  I  had  was  this : 
We  had  certain  tests  in  our  school  of  military  aeronautics  at 
Austin,  and  it  was  claimed  by  one  of  the  men  that  they  could 
10 
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foretell  from  those  tests  exactly  what  student  would  fail  and 
in  what  week  he  would  fail  of  the  eight  or  twelve  weeks'  course. 
One  of  our  professors  went  to  the  man  that  made  the  test  him- 
self and  asked  him  about  it.  He  stat-ed  no  claim  of  that  kind 
was  ever  made  by  any  of  the  people  that  made  the  test,  and  he 
said  that  such  a  claim  was  absolutely  preposterous.  I  had  not 
received  this  information  from  this  decided  investigator  when 
this  first  draft  was  sent  to  me.  but  I  agreed  to  it  on  the  lines 
as  outlined  here  by  the  gentleman  who  presented  the  report, 
and  I  think  he  has  covered  the  questions  very  carefully  and 
very  thoroughly :  and  if  we  will  follow  his  suggestions  there 
and  take  it  for  that  purpose,  we  will  file  such  evidence  or  in- 
formation as  cumulative  evidence,  it  will  be  worth  a  great 
deal,  and  Professor  Magruder  has  indicated  clearly  how  the 
information  could  be  used  later.  As  dean  of  the  University 
of  Texas  Engineering  Department,  I  would  say  that  I  would 
dismiss  no  one  on  account  of  this  test  at  the  present  time. 
"Wliile  I  am  from  Texas  I  am  from  Missouri  in  regard  to  its 
application  at  the  present  time. 

I  referred  to  another  misgiving  I  had,  a  third,  awhile  ago, 
and  for  this  reason :  that  one  gentleman  who  is  advocating 
these  tests  is  in  other  lines,  and  he  was  called  down  to  a  bank 
in  Austin  and  was  notified  that  he  had  overdrawn  his  account. 
He  made  the  happy  suggestion.  ''I  guess  I  will  give  you  a 
check  on  my  account  to  cover  it. ' ' 

E.  J.  Berg:  I  am  in  favor  of  these  tests,  and  hope  that  many 
institutions  will  incorporate  them.  I  shall  certainly  try  to  do 
so  in  connection  with  Union  College.  But  I  am  very  much 
opposed  to  the  motion  as  it  is  put  and  shall  vote  against  it.  I 
do  not  like  the  idea  of  this  body  requesting  the  deans  and 
presidents  to  do  certain  things  that  about  which  we  do  not  all 
agree  and  about  which  we  know  so  little.  I  wish  the  motion 
would  read  that  we  suggest  to  them  their  serious  consideration 
of  incorporating  these  tests  rather  than  requesting  them  to 
do  so. 

Dean  Marston:   ^Ir.  President  I  wish  to  sav  that  I  am 
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strongly  in  favor  of  the  resolution  as  it  is  presented  by  the 
Committee,  and  I  do  not  object  to  the  resolution  of  Professor 
Jackson.  I  take  it  that  these  resolutions  recommend  a  very 
important  educational  research,  and  I  do  not  think  that  the 
research  of  the  engineering  schools  should  be  confined  to  the 
mechanical  sciences.  It  should  be  extended  to  or  attached  to 
engineering  studies. 

There  are  some  points  about  the  recommendations  which 
have  become  somewhat  confused  in  my  mind  during  the  dis- 
cussion. I  hear  this  test  debated  as  a  substitute  for  entrance 
examinations.  I  have  not  understood  that  the  object  of  the 
intelligence  test  was  the  same  as  that  of  the  entrance  examina- 
tion test.  I  have  understood  that  the  object  of  the  mental 
test  was  to  ascertain  the  student's  capacity  for  accomplish- 
ment, and  not  the  actual  accomplishment :  the  object  of  the  en- 
trance examinatioas  is  to  ascertain  what  his  actual  accom- 
plishment to  date  is  along  certain  lines.  He  may  have  a  high 
capacity  for  mathematical  science,  for  example,  but  if  he  had 
not  studied  algebra  and  geometry  and  had  not  certain  mathe- 
matical results,  we  would  not  wish  to  admit  him  to  our  course. 
I  am  inclined  to  inquire  whether  the  proper  correlation  in- 
vestigation should  not  be  with  the  success  of  the  engineering 
graduate  as  an  engineer  in  the  practice  of  his  profession  rather 
than  in  the  grade  which  he  attained  in  his  classes  in  school. 
It  seems  to  me  that  that  would  be  a  better  correlation  if  it 
were  possible  to  make  it.  AVe  Avish  to  ascertain  whether  he  has 
the  capacity  to  become  an  engineer  or  not ;  and  while  it  may 
be  interesting  for  us  to  be  able  to  prophesy  as  to  his  success  in 
class  work,  after  all  we  can  find  that  out  by  an  examination 
and  the  actual  results  which  he  secures  in  a  more  certain 
manner.  I  am  also  inclined  to  inquire  of  Professor  Magruder 
whether  this  vocational  intelligence  test  is  after  all  not  pri- 
marily a  test  of  the  student's  ability  to  do  certain  things  in 
the  laboratorj^  by  methods  as  used  in  a  college  rather  than  his 
ability  to  be  a  successful  mechanical  engineer  in  the  actual 
practice  of  his  profession  after  he  graduates. 
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J.  B.  Whitehead:  It  is  very  evident  that  there  is  consider- 
able opinion  here  that  these  tests  have  value.  I  believe  that 
the  remainder  of  us  will  subscribe  therefore  that  it  would  be 
a  good  thing  for  as  many  institutions  as  possible  to  put  the 
tests  into  operation. 

But  certainly  for  myself  there  is  a  very  practical  question 
involved  upon  which  I  have  not  received  sufficient  light, 
namely  the  method  bj'  which  the  tests  will  be  prepared.  "We 
have  heard  two  papers  to-day.  both  of  which  have  described 
sets  of  these  tests.  I  gathered  from  the  first  paper  that  it  has 
required  or  will  require  something  like  four  years  to  arrive  at 
a  determination  as  to  just  what  is  to  constitute  a  definite  set 
of  tests  from  which  definite  conclusions  may  be  drawn.  Per- 
haps I  am  wrong.  From  the  second  paper  I  judge  that  the 
tests  have  been  prepared  with  the  idea  of  ascertaining  the 
presence  of  a  definite  quality — :" gumption''  as  it  has  been 
termed. 

Now,  I  should  like  to  see  included  in  Dr.  Jackson's  motion 
some  suggestion  as  to  how  these  tests  shall  be  prepared.  Are 
.  they  going  to  be  prepared  by  the  psychologists  or  are 
they  going  to  be  prepared  by  the  engineering  faculty  ?  It 
seems  to  me  if  they  are  to  be  prepared  by  the  psychologists  it 
might  be  well  to  ask  whether  a  psychologist  is  an  engineer. 
If  they  are  to  be  prepared  by  the  engineers  how  are  we  to  go 
about  it  ? 

C.  Frank  Allen:  ^Ir.  President,  there  is  one  proposition  that 
occurs  to  me  with  reference  to  Professor  Jackson's  motion. 
It  seems  to  me  we  would  reach  more  satisfactory  results  with 
relation  to  what  we  want  if  these  tests  were  made  in  a  num- 
ber of  selected  institutions  rather  than  by  institutions  all  over 
the  country.  I  believe  that  in  many  of  the  institutions  where 
very  little  is  known  of  the  system  it  would  be  very  difficult  to 
(Conduct  tests  that  would  have  any  value,  so  that  the  effeet 
would  be  verj'  misleading.  I  have  doubts  as  to  the  value  of 
the  proposed  tests.  There  is  not  any  doubt  in  my  own  mind 
about  the  desirability  of  having  some  tests  made.     I  mean  I 
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doubt  that  it  would  be  wise  to  send  requests  to  all  institutions ; 
but  it  would  t)e  wise  to  pursue  such  tests  thoroughly  in  a  few 
selected  institutions  to  find  out  what  results  could  be  obtained. 
If  it  is  going  to  require  a  long  series  of  experiments  at  an  in- 
stitution to  determine  anything  worth  while,  it  is  very  waste- 
ful to  carry  it  out  throughout  the  whole  of  the  country,  when 
the  tests  could  be  made  in  a  much  more  favorable  way  for 
those  who  believe  in  them  in  a  number  of  selected  institutions 
where  the  facilities  for  conducting  the  experiment  to  the  best 
advantage  would  exist.  It  seems  to  me  that  we  will  make  a 
mistake  if  we  try  to  get  every  engineering  college  and  uni- 
versity to  attempt  this,  especially  where  they  know  very  little 
about  it,  and  where  the  professors  probably  have  not,  in  many 
cases,  the  skill  in  this  direction  that  would  be  necessary  in 
order  to  make  the  experiment  of  value. 

Professor  Jackson:  I  think  we  must  ibe  careful  not  to  be- 
come confused  as  to  the  real  point  here.  The  tests  that  are 
proposed  by  the  Committee  in  Resolution  No.  1  are  anterior 
to  the  actual  engineering  course,  although  they  are  subsequent 
to  the  entrance  examinations  and  the  acceptance  of  the  stu- 
dent by  the  engineering  school.  They  are  for  the  purpose  of 
obtaining  additional  information  in  regard  to  certain  quali- 
ties. Professor  Magruder's  tests  are  subsequent  to  the  college 
training  and,  therefore,  do  not  belong  at  this  moment  to  the 
discussion  of  the  motion  which  I  made.  Suggestions  of  the 
type  of  Professor  Whitehead  and  Professor  Allen  are  perti- 
nent, but  they  do  not  go  far  enough  because  they  are  not  con- 
structive in  the  way  of  proposing  modifications  or  amend- 
ments to  the  motion.  I  am  not  antagonistic  to  amending  my 
motion  provided  suitable  amendments  are  brought  forward. 
There  is  some  manner  in  which  the  thing  can  be  worked  out 
without  causing  opposition  in  the  various  engineering  schools. 
I  had  in  mind  that  the  Committee  who  made  this  report  should 
be  substantially  made  responsible  for  the  particular  tests  to 
be  used.  In  answering  Dean  Thornton's  question,  we  would 
now  propose — and  I  think  I  suggested  as  much — relying  solely 
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on  such  methods ;  in  fact  I  spoke  of  them  as  experiments.  "We 
must  experiment  cooperatively  in  those  things.  A  single  in- 
stitution's experiments  are  not  adequate. 

Anson  Marston:  ]\Ir.  Chairman,  the  point  was  made  that 
this  test  would  require  considerable  time  and  effort  on  the 
part  of  institutions  to  carrj-  it  out.  Only  one  hour  of  a  stu- 
dent's time  in  one  of  the  whole  year  is  required  to  complete 
the  Army  intelligence  tests.  And  just  a  few  days  work  by 
one  or  two  instructors  will  suffice  to  grade  the  tests.  The 
institution  gets  at  once  a  great  deal  of  valuable  information 
from  the  results  without  waiting  for  an  investigation  to  ex- 
tend over  several  years.  The  junior  deans  of  our  institutions 
will  be  helped,  for  example,  by  knowledge  of  the  student's 
rating  in  the  test  when  a  student  is  believed  to  be  deficient  in 
scholarship  in  a  particular  class  he  can  be  advised  more  in- 
telligently as  to  the  reason ;  and  in  many  other  ways  this 
rating  will  become  of  value  at  once.  "VVe  applied  all  of  the 
tests  to  all  of  the  freshman  in  our  college  this  last  quarter, 
using  the  tests  prepared  for  the  Army.  The  average  rating  of 
the  college  freshmen  was  practically  equal  to  the  average 
rating  of  officers  in  the  United  States  Army. 

Dean  Mott:  Professor  Allen  seems  to  recognize  in  the  sec- 
ond paper  something  familiar,  something  suggesting  a  civil 
engineering  test.  Dr.  Thurston  is  a  graduate  in  Mechanical 
Engineering,  so  that  in  making  up  and  carrying  on  his  psy- 
chological testing  work,  he  has  had  the  benefit  of  engineering 
training. 

Wm.  T.  MagTuder:  Replying  to  Dean  Marston,  I  would  say 
that  the  tests  that  would  be  desired  would  be  those  that  a  me- 
chanical engineering  graduate  would  be  quite  probably  told  to 
make  during  his  first  or  second  year  out  of  college;  namely, 
to  dismantle  or  assemble  a  machine  which  was  new  to  him.  to 
start  a  steam  engine,  to  start  up  a  power  plant,  to  assist  in  the 
testing  of  it  or  of  some  of  its  units  or  appliances,  or  something 
of  that  kind. 

Answering  Professor  Allen  the  bridge  that  he  is  consider- 
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ing  crossing,  we  at  our  university  tried  to  cross  a  few  months 
ago.  We  decided  that  the  best  way  was  to  have  the  examina- 
tion paper  prepared  by  the  cooperation  of  an  engineer  and  a 
psychologist.  Our  little  experiment  was  viseed  by  the  acting 
of  the  department  of  psychology.  When  you  can  find  a  psy- 
chologist who  is  also  a  civil  engineer  and  a  civil  engineer  who 
is  also  a  psychologist,  you  have  a  leader  in  this  work,  and  you 
do  not  have  to  spend  four  years  in  the  preparation  of  an  ex- 
amination paper.  We  can  do  that  for  ourselves  after  we  have 
had  more  experience  in  this  new  educational  field.  Until  then, 
it  might  be  better  to  follow  the  experienced  leader.  I  am  not 
authorized  to  speak  for  the  gentleman  whose  name  is  on  the 
upper  left-hand  corner  of  the  three  papers  that  have  been  dis- 
tributed, but  I  am  informed  by  a  mutual  friend  that  they  are 
available  and  on  sale,  and  that  any  one  can  get  them  and  try 
out  the  experiment  next  fall  without  four  years  of  prepara- 
tion on  his  own  part. 

Professor  Jackson :  As  far  as  my  motion  with  regard  to  Dr. 
Berg's  suggestion  is  concerned  it  would  merely  be  to  add  the 
words  "as  far  as  practicable" — I  think  that  would  be  it. 
Professor  Allen  on  the  other  hand  suggested,  instead  of  re- 
questing all  engineering  schools  to  undertake  these  tests,  so 
that  we  would  have  the  greatest  variety  of  data  for  considera- 
tion, that  certain  selected  schools  should  be  requested  to  make 
the  tests.  I  had  not  thought  of  that  originally,  but  as  some  of 
the  engineering  schools  might  find  it  burdensome  to  make  the 
tests,  such  a  limitation  might  be  reasonable  to  introduce.  If 
Professor  Allen-  has  something  to  say  on  that,  I  am  sure  that 
we  can  get  together  on  it. 

Dean  Butler:  It  seems  to  me  that  this  subject  offers  vast 
possibilities  of  usefulness,  more  than  is  given  to  it  by  this  pro- 
gram. I  have  one  or  two  evidences  that  the  entrance  require- 
ments have  not  been  such  as  to  show  us  the  adaptability  or  our 
engineering  students  to  engineering  courses.  I  am  very  hope- 
ful, and  I  have  been  working  along  this  line  for  several  years, 
that  we  can  devise  some  kind  of  psychological  test  which  will 
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not  only  show  that  our  students  are  of  such  a  type  that  they 
can  take  college  work  satisfactorily  if  added  to  the  entrance 
requirements,  but  will  serve  also  to  show  us  whether  they  are 
adapted  to  be  successful  engineers.  For  several  years  I  have 
been  propounding  questions,  formulating  outlines,  in  an  at- 
tempt to  arrive  at  some  mode  of  deciding  whether  my  engi- 
neering students,  after  I  had  satisfied  myself  that  they  were 
capable  of  becoming  good  engineers,  were  best  adapted  to  be- 
come mining  engineers,  electrical  engineers,  civil  engineers  or 
mechanical  engineers.  I  have  encountered  difiSculty  in  dis- 
tinguishing between  mechanical  and  electrical  students,  since 
these  branches  are  closely  related ;  and  between  civil  and  min- 
ing students,  not  so  closeh*  related.  Enough  has  been  done, 
however,  to  convince  me  that  something  can  be  done  along  this 
line.  I  am  not  in  favor  of  using  these  tests  as  elimination 
tests  at  all.  As  has  been  said  repeatedly,  until  they  are  used 
for  a  great  many  years  we  will  have  to  use  them  solely-  as  a 
source  of  information;  but  that  information  should  not  be 
merely  information  for  us;  it  should  be  information  for  the 
student  as  well.  Manj-  of  the  students  come  to  us  with  a  very 
^azy  idea  of  what  engineering  is  and  what  that  particular 
branch  of  engineering  that  they  have  happened  to  have  en- 
tered requires  of  them :  and  I  think  our  best  work  for  a  num- 
ber of  years  can  be  along  the  work  of  advising  our  students 
whether  they  are  in  the  right  course  and  as  to  whether  they 
will  probably  succeed  in  those  courses.  I  know  that  something 
can  be  done  along  this  line,  and  I  believe  it  is  the  duty  of 
every  administrative  officer  in  a  college  of  engineering  to  do 
his  best  to  see  that  his  students  are  in  the  right  pew,  to  see  that 
they  are  studying  along  the  right  line ;  and  entrance  examina- 
tions do  not  tell  him  anything  about  this.  His  brief  confer- 
ence with  the  student  may  tell  him  something,  but  some  ques- 
tions and  other  tests  can  be  devised  which  will  tell  a  great  deal 
more ;  and  I  know  that  there  are  some  students,  quite  a  num- 
ber of  them,  who,  if  you  tell  them  plainly :  "I  do  not  think 
you  are  in  the  right  line  of  work,"  will  thank  you  for  that 
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advice.  I  should  like  to  see  a  special  committee,  or  some  com- 
piittee  already  formed,  take  charge  of  this  question  of  psy- 
chological tests  or  other  objective  tests,  if  you  wish  to  put  it 
that  way,  for  engineering  students.  I  do  not  think  that  we 
pan  do  very  much  before  next  fall.  It  is  all  right  to  follow 
the  resolution  that  has  been  offered,  but  I  should  like  to  see 
us  go  a  great  deal  further  than  that  and  gather  all  the  data 
^.vailaible  and  see  if  we  cannot  find  a  way  eventually  to  pre- 
vent the  waste  of  money  and  time,  our  money  and  time  as  well 
las  the  students !  I  should  like  to  see  us  eventually  go  even 
further  and  take  up  the  question  of  giving  the  information 
that  can  be  used  for  vocational  guidance  in  secondary  schools 
as  well. 

I  should  like  to  support  this  resolution  as  offered,  but 
amend  it  by  requesting  that  a  committee  or  the  committee  that 
has  made  the  report  prepare  suggested  tests'  for  the  use  next 
fall  of  those  who  wish  to  use  them  and  probably  later  on  I 
shall  advocate  the  formation  of  another  committee  to  take  up 
the  whole  situation. 

Dean  Taylor:  I  foresaw  some  difficulty  selecting  a  certain 
jiumber  of  institutions  by  the  committee,  and  that  is  this,  that 
in  several  institutions  these  tests  are  already  on  the  way  by 
either  the  professors  of  engineers  or  the  professors  of  psychol- 
ogy, or  the  two  combined.  They  have  already  started.  I  do 
not  think  that  should  be  discouraged.  I  think  it  should  be 
encouraged.  As  to  the  value  of  these  tests  I  am  a  Doubting 
Thomas,  as  I  told  you.  But  I  am  willing  to  take  it  as  infor- 
jnation  and  study  it  faithfully  and  give  it  a  fair  test.  The 
committee  might  select  certain  schools  and  leave  out  those  who 
would  not  want  to  do  it.  In  selecting  some  schools  who  would 
](vant  to  do  it,  it  might  leave  out  some  from  which  we  would 
get  valuable  results,  even  some  of  the  smaller  schools. 

I  would  rather  see  the  resolution  passed  in  its  original  form 
with  the  word  "suggest"  instead  of  "request."  Then  refer 
it  to  the  Committee  on  Tests;  and  if  they  want  any  support 
from  us  they  could  take  it  up  as  a  committee  and  we  could 
make  the  selective  list  here  before  the  whole  body. 
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Professor  Jackson:  If  the  seconder  of  the  motion  will  per- 
mit. I  suggest  that  we  substitute  for  the  word  ''request"  the 
word  '"suggest"  and  add  the  two  words  "if  practicable." 

£.  L.  Sackett:  I  wish  to  renew  the  motion  that  was  not  sec- 
pnded.  I  put  it  in  this  form :  I  move  to  amend  the  motion  of 
Professor  Jackson  by  adding.  "And  that  the  President  of  this 
Society  shall  appoint  a  committee,  or  continue  the  old  com- 
mittee, as  he  sees  fit,  as  a  committee  on  such  tests  and  to  be  a 
clearing  house  to  place  before  the  various  institutions  the 
idea."  Here  there  is  a  large  body  of  sympathy,  but  there  is 
some  misapprehension.  At  home  there  is  a  good  deal  of  oppo- 
sition. It  seems  to  me  that  such  a  committee  representing  this 
body  could  advise  and  if  an  institution  preferred  not  to  ex- 
periment with  it  why  should  it  be  required  to.  I  merely  sug- 
gest that  a  clearing  house  committee  could  advise  those  who 
have  any  misapprehension,  could  easily  explain  some  of  the 
questions  that  they  will  naturally  raise. 

I  have  heard  some  opposition  to  the  idea  of  intelligence  tests. 
They  were  given  to  over  two  thousand  students  one  evening. 
They  were  graded  by  stenographers  in  the  course'  of  a  few  days 
following.  There  was  no  opposition  on  the  part  of  the  stu- 
dents. They  took  it  voluntarily,  and  they  were  much  inter- 
ested in  the  results.  So  far  as  the  student  body  is  concerned, 
there  will  be  no  opposition.  So  far  as  the  opposition  of  the 
members  of  the  faculty  is  concerned  there  has  been  much  mis- 
understanding of  the  purpose.  What  we  want,  as  I  see  it,  is 
information  available  to  any  who  are  interested,  and  this  body 
is  the  one  which  should  collect  it,  classify  it  and  have  it  avail- 
able. I  believe  we  shall  overcome  the  opposition  only  by  try- 
ing the  experiment  in  as  many  institutions  as  possible.  You 
will  not  satisfy  those  who  are  opposed  until  the  tests  them- 
selves are  put  into  operation  in  the  institutions  where  they 
are.     I  therefore  move  the  amendment. 

P.  F.  Walker:  I  want  to  say  a  few  words  if  I  may.  I  ex- 
pressed the  idea  in  "Washington  yesterday,  and  I  want  to  go  a 
bit  further.    This  movement  which  is  suggested  here  is  in  my 
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opinion  the  beg-inuing  of  a  big  experiment,  something  which  is 
going  to  take  a  long  time  to  be  worked  out  before  we  will  get 
to  a  point  where  we  can  actually  make  use  of  the  information 
that  these  tests  may  reveal.    I  think  that  there  is  a  great  deal 
of  misconception  as  to  the  way  in  which  the  tests  "were  em- 
ployed in  the  Army.     Every  little  while,  as  in  the  discussion 
here  this  afternoon,  a  word  or  a  statement  crops  out  which 
makes  me  believe  that  a  wrong  idea  prevails  as  to  the  use  made 
of  the  intelligence  tests  in  the  Army.     I  happened  to  be  in 
pommand  of  a  regiment  last  fall,  and  I  believe  I  made  as 
effective  and  as  earnest  use  of  the  intelligence  tests  as  would 
be  possible  to  make  in  an  army  organization.    It  was  not  very 
extensive.     That  is,  the  actual  serviceability  of  the  test  was 
not  very  extensive.    Without  wearying  you  I  wish  to  comment 
pn  two  or  three  features.     This  regiment  was  a  regiment  of 
almost  green  men.     These  men  came  to  the  organization  with 
a  few  non-commissioned  ofScers  already  appointed.    The  men 
went  up  for  their  intelligence  tests.    When  the  reports  came 
^ack  I  went  over  them  individually  with  the  company  com- 
manders, and  we  found  several  peculiar  conditions.     For  in- 
stance, the  corporals  made  a  better  showing  than  did  the  ser- 
geants.   We  found  also  a  good  many  privates  who  made  better 
ratings  than  any  of  the  non-commissioned  officers.    At  least  a 
fair  number  of  them  got  Grade  A,  the  highest  rating.    All  we 
^ould  do  with  those  reports  was  to  take  under  observation 
those  men  who  had  shown  up  well  in  the  test  and  wait  to  see 
if  they  would  make  good  in  practical  work.    It  Avas  true  that 
in  a  general  way  those  men  who  had  already  been  selected  as 
non-commissioned  officers  stacked  up  well.     There  were  some 
exceptions,  however.     The  reason  why  our  corporals  graded 
higher  than  the  sergeants  was  because  they  were  men  who  had 
already  had  special  training  and  a  fair  education,  and  were 
really  slated  to  become  sergeants  later.    That  is,  they  were  the 
first  men  who  had  been  selected  by  the  old  process  of  making 
non-commissioned  officers,  while  the  sergeants  were  left  overs. 
There  is  one  side  light  shown  from  tests  of  mv  officers  which 
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indicates  a  danger  that  would  arise  from  using  these  results 
with  our  students  in  too  definite  a  way.  I  secured  the  results 
of  the  intelligence  tests  from  a  large  -proportion  of  my  officers, 
and  ever}-  man  in  that  officer  group  had  made  a  Grade  A  with 
the  exception  of  one.  That  one  man  I  do  not  hesitate  to  say 
was  the  best  company  commander  I  had  in  the  regiment. 

I  am  very  strongly  in  favor  of  the  last  motion,  which  is  in 
the  nature  of  an  amendment  I  presume,  and  that  is  that  there 
should  be  appointed  a  committee  of  this  organization  that 
would  be  a  continued  committee,  which  will  take  up  this 
whole  question  and  carry  it  through  in  a  systematic  manner 
for  a  good  many  3-ears.  It  is  not  an  easy  thing  to  do,  and  it  is 
going  to  take  patience  and  a  great  deal  of  time  in  order  to 
give  us  a  result  which  we  can  have  confidence  in. 

I  have  been  very  much  interested  in  this  sort  of  a  test.  I 
was  working  on  it  for  some  time  before  the  war,  and  I  have 
the  faith  to  believe  that  something  will  come  from  it.  I  be- 
lieve, however,  that  not  until  a  very  long  time  has  elapsed  will 
we  be  able  to  do  very  much  in  the  way  of  vocational  guidance. 
The  results  of  the  tests  were  not  used  in  any  such  way  as  that 
in  the  Army.  We  will  have  to  be  very  cautious  indeed  in  at- 
tempting to  use  the  results  of  the  tests  of  students  for  the 
purpose  of  determining  whether  or  not  they  are  suited  for  the 
engineering  profession. 

The  President:  The  amendment  is  carried.  Now,  the  time 
has  arrived  for  voting  on  Professor  Jackson's  motion,  whieli 
was  that  a  copj'  of  the  Resolution  No.  1,  as  printed  here,  be 
sent  to  the  head  of  each  college  of  engineering  in  the  United 
States  with  the  suggestion  from  this  Society-  that  the  recom- 
mendations in  this  resolution  be  carried  out. 

G.  R.  Chatburn:  Just  a  word  or  two.  In  the  second  line 
after  the  words,  "or  otherwise,  recommend,  that,"  why  not 
add  the  words,  "as  a  matter  of  experiment  and  research,"  so 
that  it  will  read,  "This  Society,  through  its  Committee  on  Ad- 
mission, or  otherwise,  recommend  as  a  matter  of  experiment 
and  research  that  psychological  'objective,'  'trade'  or  otlier 
similar  tests  be  given,"  and  so  on. 
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A.  F.  Barnes:  I  think  that  in  Dean  Marston's  statement  a 
suggestion  was  made  that  has  been  lost  sight  of  here,  and  that 
is ;  that  the  final  purpose  of  our  tests  is  to  find  out  whether  our 
men  will  become  good  engineers — not  good  students,  but  good 
engineers.  And  I  would  like  to  see  this  resolution  have  these 
three  words  added  to  it  at  the  end  after  the  word  "progress" 
''and  professional  attainment." 

(The  motion  was  then  put  before  the  members  for  vote  and 
was  carried.) 

Dean  Barnes:  I  move  that  the  words  "and  professional  at- 
tainment'' be  added  to  the  resolution,  being  placed  instead  of 
the  period  after  the  word  "progress." 

Professor  Jackson :  How  are  those  professional  attainments 
to  be  found  out? 

Dean  Barnes :  I  hesitated  as  a  freshman  in  this  organization 
to  speak  at  all,  but  all  the  time  we  were  discussing  this  matter 
I  had  hoped  that  someone  would  suggest  to  add  to  Professor 
Jackson's  motion  that  this  matter  be  taken  up  with  our  manu- 
facturing and  engineering  concerns,  especially  our  larger 
ones,  and  that  they  carry  out  studies  and  tests  that  would 
coordinate  with  ours  and  give  us  information  as  to  whether 
our  graduates  become  good  engineers.  It  has  been  stated  here 
that  it  would  take  a  long  time  to  gather  data  that  is  of  value, 
and  I  think  the  entire  movement  should  be  started  at  once. 

Professor  Jackson:  In  view  of  the  fact  that  most  of  the 
freshmen  entering  in  1919  will  not  be  engaged  in  professional 
life  for  several  years,  we  are  likely  to  shock  engineering 
school  administrations  by  putting  too  large  a  matter  first.  On 
that  ground  I  should  prefer  to  see  this  amendment  not  carried. 
L.  H.  Rittenhouse:  I  am  heartily  in  accord  with  what  Pro- 
fessor Jackson  has  just  said.  I  have  had  in  mind  the  proposed 
amendment,  and  recognize  the  desirability  of  comparing  the 
grades  with  professional  attainments.  I  believe,  however,  that 
it  would  not  be  wise  at  this  time  particularly  to  ask  for  this 
additional  comparison  unless  we  are  in  a  position  to  tell  in 
detail  how  this  future  attainment  is  to  be  measured.     A  lono- 
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discussion  could  take  place  along  this  line,  but  I  will  not  take 
your  time.  The  manufacturers  who  marked  the  future  attain- 
ments would  not  be  equally  interested.  Only  a  few  men  would 
perhaps  go  to  large  manufacturers  where  the  grading  could 
be  standardized.  I  think  in  the  course  of  four  years  if  the 
proposer  of  this  amendment  would  get  up  some  suitable  scheme 
by  which  future  attainments  and  advancement  can  be  marked 
and  graded,  then  it  would  be  time  enough  to  propose  that  these 
marks  be  compared  with  the  tests.  So  I  am  opposed  to  this 
additional  amendment. 

Dean  Walker:  I  rise  to  say  a  word  in  support  of  this  amend- 
ment. 1  do  not  believe  that  we  will  be  in  a  position  to  do  any 
effective  work  whatsoever  with  this  unless  we  take  into  account 
what  a  man  is  really  doing  and  what  he  attains  in  those  years 
after  he  leaves  school.  It  is  very  true  that  a  freshman  will 
not  be  at  work  for  three  or  four  years,  outside  of  practicing 
work,  but  I  think  that  the  committee  which  is  taking  this  mat- 
ter under  advisement  should  formulate  a  plan  to  cover  the 
whole  field;  and  it  surely  will  never  reach  any  conclusion 
whatsoever  that  would  help  us  in  the  judging  of  the  possible 
capabilities  of  the  men  unless  there  is  taken  into  account  what 
students  accomplish  in  practical  work. 

J.  W.  Dietz:  It  seems  to  me  that  if  I  do  not  mistake  the  read- 
ing of  the  second  resolution  this  proposed  amendment  would 
fit  more  nearlj'  into  that  part  of  the  program  than  the  first 
resolution.    I  rise  to  a  point  of  information  on  that. 

The  President:  It  seems  to  me  that  that  point  is  well  taken, 
but  I  would  rule  that  the  amendment  that  is  in  order  we  will 
let  the  meeting  decide. 

(Motion  was  then  put  before  the  members  for  vote  and  de- 
feated.") 

The  President:  Are  you  ready  for  the  vote  on  the  resolution 
of  Professor  Jackson? 

(The  motion,  duly  made  and  seconded,  was  then  put  before 
the  members  for  vote  and  was  carried.) 

Professor  Jackson:  Mr.  President,  will  not  one  of  those 
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gentlemen  who  supported  the  last  amendment  lost  make  a  mo- 
tion instructing-  the  committee  which  is  appointed  by  the 
President  to  take  into  account  all  their  plans  of  the  future 
application  of  the  test  with  respect  to  professional  attain- 
ments ? 

Professor  Chatburn:  It  seems  to  me  that  the  proper  waj^  of 
disposing  of  this  now  is  to  refer  it  to  the  Council  that  thej^ 
refer  it  to  a  committee  on  intelligence  tests  and  let  this  com- 
mittee be  a  standing  committee  for  several  years. 

Professor  Whitehead:  I  move  that  the  forms  of  the  stand- 
ards and  tests  which  are  suggested  be  prepared  by  the  com- 
mittee to  which  the  first  section  of  the  resolution  is  referred. 
And  moreover  that  the  same  committee  prepare  the  standards 
and  tests  suggested  in  the  first  section  of  the  resolution. 

If  I  may  say  a  word  in  support  of  my  motion,  I  have  failed 
to  obtain  from  the  discussion  a  satisfactory  suggestion  as  to 
the  method  of  the  preparation  of  these  tests.  It  is  an  obvious 
suggestion  that  engineers  and  psychologists  should  combine  in 
the  preparation  of  these  tests ;  and  I  take  it  that  the  tests  which 
were  described  in  the  first  paper  were  prepared  in  that  par- 
ticular way.  Yet  those  tests  have  required  an  extended  time 
for  a  conclusion  as  to  their  value.  It  is  suggested  that  in  each 
institution  an  engineer  and  a  psychologist,  or  perhaps  a  group, 
should  prepare  the  tests.  I  believe  the  results  from  a  large 
number  of  different  tests  so  prepared  would  not  be  anywhere 
nearly  as  valuable  as  the  results  of  a  single  set  of  tests  pre- 
pared by  our  committee.  The  success  of  the  Army  tests  is 
probably  due  in  large  measure  to  the  fact  that  those  tests  ema- 
nated from  one  source.  So  the  object  of  my  motion  is  to  get 
our  committee  to  prepare  the  tests  which  come  immediately 
after  entrance  and  also  those  which  are  to  be  used  through  the 
remainder  of  the  course. 

Professor  Hatt :  I  would  like  to  ask  if  the  language  of  this 
second  resolution  is  not  fairly  descriptive  of  our  present  sys- 
tem of  tests  in  colleges. 
Dean  Mott:  I  did  not  catch  that. 


144  VOCATION-\L.   INTELLIGENCE    TESTING. 

Professor  Hatt:  I  want  to  inqviire  if  the  language  of  this 
second  resolution  is  not  fairly  descriptive  of  our  present  sys- 
tem of  tests  in  colleges,  in  the  ordinary  examinations. 

Dean  Mott :  I  believe  that  it  is  not ;  at  least  that  something 
more  is  needed,  so  that  we  prove,  in  addition  to  what  we  al- 
ready do,  that  the  student  can  pass  some  kind  of  an  examina- 
tion which  tests  his  ability  to  quickly  put  into  effect  what  he 
learns  rather  than  merely  test  his  memory,  as  so  many  of  our 
examinations  do. 

Professor  Hatt:  I  think  with  the  language  we  have  in  the 
ordinary  college  tests  it  would  seem  to  me  to  be  descriptive  of 
the  tests  that  are  at  present  being  used. 

Professor  Taylor :  I  move  that  in  the  second  line  before  the 
word  "standards"  we  put  in  the  word  "additional." 

The  President:  "We  have  one  amendment  before  the  meeting 
now.  That  will  be  in  order  later.  Any  further  discussion  on 
this  amendment  now  pending?  Which  amendment  is  that 
there  be  added  at  the  end  of  the  resolution,  "And  that  the 
forms  of  those  standards  and  tests  be  prepared  by  the  com- 
mittee already  provided  for."    Is  that  it  essentially? 

Professor  Whitehead:  That  is  it  essentially.  And  that  it 
include  the  tests  in  the  first  resolution. 

The  President:  "And  that  it  include  the  tests  in  the  first 
resolution. ' '    Are  you  ready  for  the  question  ? 

(Calls  by  the  members  of  "question.") 

(Motion,  duly  made  and  seconded,  was  then  put  before  the 
members  for  vote  and  was  carried.) 

The  President:  Now,  Professor  Taylor. 

Professor  Taylor:  The  word  "additional"  there. 

The  President:  At  what  point? 

Professor  Taylor:  Eight  before  the  word  "standards"  in 
the  second  line. 

The  President:  Is  there  a  second  to  that  motion? 

(Seconded.) 

The  President:  The  proposed  amendment  then  is  put  in  the 
word  "additional"  before  the  word  "standards"  in  the  sec- 


VOCATIOiSrAL    INTELLIGENCE    TESTING.  145 

ond  line  of  the  resolution.  Are  j'ou  ready  for  the  question  to 
put  in  the  word  ' '  additional  ? ' ' 

(The  motion,  duly  made  and  seconded,  was  then  put  before 
the  members  for  vote  and  was  carried.) 

The  President:  Now,  we  come  to  the  resolution  as  amended. 
Are  you  ready  for  the  resolution. as  amended? 

(The  motion,  duly  made  and  seconded,  was  then  put  before 
the  members  for  vote  and  was  carried.) 

The  President:  The  resolution  as  amended  is  carried. 

We  now  come  in  the  regular  order  to  No.  3,  ' '  That  schedules 
of  study  for  engineering  students  should  call  for  not  more  than 
forty-eight  (48)  work  hours  per  week  (including  recitation, 
laboratory,  field  work  and  home  preparation),  this  time  to  be 
divided  among  not  more  than  five  (5)  subjects  which  require 
preparation  outside  of  class  exercise."  Is  there  a  motion  on 
that? 

Professor  Whitehead :  I  move  its  adoption. 

The  President:  The  adoption  of  this  resolution  has  been 
moved.    Is  there  discussion  on  that  resolution? 

Professor  Berg:  I  do  not  like  that,  because  it  means  under 
ordinary  conditions  that  we  would  schedule  our  work  on  the 
sixteen  hour  semester  basis ;  and  furthermore  it  creates  the  im- 
pression that  we  think  it  possible  and  practicable  and  advis- 
able to  let  students  study  as  many  as  five  subjects  each  or  at 
least  some  days.  While  sometimes  it  might  be  necessary  if  it 
were  to  hide  that  fact.  I  do  not  think  it  would  be  supported 
by  this  body  and  shall  vote  against  it.  I  do  not  see  any  par- 
ticular reason  why  we  should  introduce  it  here.  It  has  noth- 
ing to  do  with  the  present  issue  and  seems  undesirable. 

Dean  Butler :  For  some  of  us  this  is  the  most  revolutionary 
thing  in  the  recommendations.  I  had  occasion  to  look  over 
quite  a  number  of  college  catalogues  this  year  with  this  in 
mind,  but  those  I  looked  over  required  a  great  many  more 
hours  than  this.  In  view  of  the  action  taken  in  Washington 
we  are  asked,  many  of  us,  to  reduce  the  number  of  unit  hours 
in  our  course  by  as  much  as  eighteen,  and  that  is  not  a  simple 
11 
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matter.  It  is  going  to  mean  revolutionizing  our  courses.  I 
think  engineers  can  study  profitably  more  than  sixteen  unit 
hours  a  semester.  I  had  occasion  this  year  to  go  over  the  rec- 
ords of  our  students  for  four  years,  and  proved  conclusively 
that  in  many  eases  the  man  who  had  eighteen  hours  did  better 
work  than  the  man  who  had  fourteen  or  fifteen.  Engineers 
have  to  work  and  hard  after  they  get  out  of  college,  and  they 
should  acquire  the  habit  of  industry  in  college.  If  we  train 
them  in  the  idea  of  working  only  eight  hours  a  day,  they  will 
be  handicapped  when  they  get  out  of  college.  Every  one  of 
us  works  ten  and  twelve  hours  a  day.  It  is  going  to  furnish 
ammunition  to  our  '' enemies  '  in  the  "cultural'*  departments 
if  you  say  that  we  require  our  engineers  to  work  too  hard.  I 
am  proud  of  the  fact  that  our  engineers  work  harder  than  the 
other  students.  I  am  aware  that  engineering  courses  are 
more  diflScult  than  others  and  should  only  be  taken  by  men  of 
better  than  average  mentality.  I  would  hate  to  see  it  stated 
definitely  by  a  body  of  this  standing  that  engineering  stu- 
dents are  not  capable  of  assimilating  more  than  sixteen  hours 
of  work. 

Professor  Mott:  I  just  want  to  correct  Professor  Berg  that 
the  intention  is  that  there  should  be  five  subjects  daily.  It 
means  that  there  should  be  five  subjects  carried  through  one 
quarter  or  semester. 

A.  S.  Langsdorf :  This  is  the  one  paragraph  in  the  report  to 
which  I  take  serious  exception.  I  do  not  believe  that  the  col- 
leges of  this  country  are  going  to  back  up  the  notion  of  the 
eight  hour  day  in  education,  especially  in  engineering  educa- 
tion. Many  years'  experience  in  teaching  work  has  convinced 
me  that  it  cannot  be  done,  and  I  wish  to  serve  notice  that 
whether  the  Society  adopts  the  recommendation  or  not.  the 
institution  with  which  I  am  connected  will  most  decidedly  not 
follow  it. 

At  Washington  University  we  have  recently  made  a  very 
careful  study  of  the  curriculum  in  force  prior  to  the  S.  A.  T. 
C.  period,  and  with  the  experience  during  the  war  as  a  guide, 
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We  have  mapped  out  an  entirely  new  course  of  study.  AVe 
find  that  we  cannot  make  it  effective  by  adhering;  to  the  num- 
ber of  hours  proposed  in  the  report  of  the  Committee  before 
us.  Seventeen  to  eighteen  hours  per  week  seems  to  be  the 
irreducible  medium,  and  in  the  case  of  freshmen  we  have 
tried  to  temper  the  wind  to  the  shorn  lamb  by  beginning  with 
seventeen  and  working  up  to  eighteen,  and  in  some  depart- 
ments up  to  nineteen  hours  in  the  senior  year. 

Dean  Marston:  I  see  no  reason  why  an  engineering  stu- 
dent should  not  work  fifty- four  hours.  * 

0.  M.  Leland:  I  should  like  to  state  that  I  see  no  relation 
that  is  exactly  fixed  between  the  forty-eight  hours  that  are 
referred  to  and  sixteen  credit,  hours.  The  previous  speaker 
seemed  to  think  that  a  ratio  or  factor  of  three  is  involved  here 
which  limits  credit  to  sixteen  hours  per  week.  I  know  that 
in  some  institutions  two  and  a  half  hours  are  required,  or  are 
considered  equivalent  to  a  credit  hour.  I  should  like  also  to 
state  that  I  do  not  believe  that  there  are  many  institutions 
where  a  teacher  can  determine  whether  it  is  two  and  a  Jialf  or 
three  hours  that  a  student  devotes  to  any  one  lesson.  I  do: 
not  see  anything  wrong  in  specifying  forty-eight  hours  here 
if  you  count  two  and  a  half  hours.  That  makes  twenty  hours 
of  credit.  You  can  put  any  number  of  hours  you  wish  upon 
it.  I  think  the  intention  is  to  standardize  a  week's  work  as 
far  as  possible.  I  see  no  reason  why  forty-eight  hours  should 
not  stand. 

J.  J.  Flather:  I  rise  to  a  point  of  information,  whether 
this  includes  drill,  or  whether  drill  is  to  be  included  as  g^TU- 
nasium  exercise  and  as  recreation? 

Professor  Jackson:  I  had  nothing  to  do  with  the  formu- 
lation of  this  resolution,  and  I  may  be  wrong  as  to  its  intent. 
But  it  impressed  me  that  perhaps  the  Committee  had  in  view 
limiting  the  scheduled  work,  with  the  expectation  that  it  would 
atford  the  better  students  an  opportunity  for  working  in  co- 
lateral  studies,  or  doing  collateral  reading,  which  is  so  very 
important    in    engineering    education.     I    am    satisfied    that 
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many  of  our  engineering  schools  are  at  the  present  time  over- 
working their  students,  not  so  much  from  the  standpoint  of 
injuring  their  mental  vigor  or  physical  health,  as  in  the  keep- 
ing of  their  minds  chained  to  the  subjects  assigned  in  tlie  reci- 
tation room  or  the  laboratory  or  in  the  drafting  room,  and 
doing  very  little  in  the  way  of  encouraging  collateral  reading 
on  the  part  of  those  students  who  can  carry  their  work  with 
relative  ease.  If  this  resolution  has  that  intent,  I  want  to 
submit  that  it  is  a  very  wise  resolution ;  and  if  it  is  misunder- 
stood on  account  of  its  phraseology,  it  might  perhaps  be  im- 
proved by  altering  it. 

C.  R.  Mann:  I  just  want  to  remark  that  Professor  Jack- 
son's interpretation  is  correct.  What  I  intended  by  forty- 
eight  hours  is  scheduled  hours.  There  is  a  large  factor  of 
safety  there,  because  in  most  institutions  forty-eight  sched- 
uled hours  means  anywhere  from  sixty  to  seventy-two  iiours 
of  work  for  the  student  to  keep  up  with  the  schedule.  It  is 
very  essential  to  put  a  limitation  on  the  schedule  made  by 
the  faculty  because  the  students  never  keep  up  with  the 
schedule  in  actual  practise.  As  Professor  Jackson  has  said, 
in  his  institution,  which  is  on  a  forty-eight  hours  basis,  the 
boys  work  from  fifty-four  to  sixty  or  even  seventy  hours  per 
week.  So  it  was  not  intended  that  the  boys  should  work  only 
forty-eight  hours  a  week,  but  that  the  schedule  should  call  for 
not  more  than  forty-eight  hours,  in  order  that  the  boys  mijiiit 
have  time  enough  for  thinking  and  for  thorough  work. 

L.  A.  Hazeltine:  I  Avish  to  join  Professor  Jackson  in  ap- 
proving the  principle  of  this  resolution.  Stevens  Teeii  lias 
for  a  long  time  worked  under  a  schedule  of  forty-eight  hours 
a  week,  an  duor  course.  I  think,  cannot  be  accused  of  lack  of 
thoroughness  or  completeness  on  that  account.  AVe  are  able 
to  do  this  by  assigning  only  one  hour  of  home  preparation  for 
each  lecture  or  recitation  hour,  having  eighteen  lecture  or 
recitation  hours  a  week,  eighteen  preparation  hours,  and  twelve 
hours  of  practical  work  (laboratory,  shop  or  drafting).  Very 
frequently,  I  believe,  the  expectation  that  students  study  two 
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hours  at  home  for  every  class-room  hour  is  an  illusion.  We 
should  face  the  facts  and  tell  the  students  what  we  really  do 
expect,  and  not  hold  up  an  ideal  which  neither  we  nor  they 
take  seriously. 

Professor  Magruder:  I  would  like  to  ask  Dr.  Mann  and 
Dean  Mott  if  this  resolution  means  what  it  says,  that  each  of 
the  forty-eight  hours  is  to  be  scheduled  and  that  Mr.  Student 
is  to  report  at  a  certain  definite  place  every  evening  to  do 
his  studying  for  the  next  day  under  supervision  ? 

Professor  Jackson:  He  ought  to  report  at  home  or  some 
such  place  to  do  his  studying  not  appearing  on  the  schedule. 
Professor  Magruder:  The  reason  I  ask  the  question  is  that 
one  of  my  colleagues  before  we  had  heard  of  the  S.  A.  T.  C. 
suggested  the  scheme  of  having  the  student  report  at  the 
laboratory  or  some  other  place  wherein  he  should  do  his  study- 
ing and  working  out  of  problems  under  the  supervisioii  of  an 
instructor. 

Professor  Jackson:  Are  we  to  consider  our  students  chil- 
dren ? 

Professor  Magruder:  The  idea  was  not  to  see  that  the  men 
were  there,  but  rather  to  see  that  they  should  receive  proper 
and  adequate  supervision  in  their  work.  Just  as  you  would 
schedule  two  or  three  hours  for  drawing  room  work  and  have 
an  instructor  supervise  the  work,  so  you  would  schedule  an 
hour  or  more  for  working  out  examples,  working  out  problems 
and  things  of  that  kind. 

Professor  Danforth:  I  think  a  great  many  of  the  people 
that  we  talk  about  are  getting  some  of  the  things  Dr.  Goodnow 
spoke  of  some  time  ago.  We  are  not  only  getting  graduates 
in  engineering,  but  we  want  them  in  this  plastic  nature  in 
their  lives,  and  we  have  to  give  them  time  to  form  their  lives. 
We  can  help  them  in  some  respects  by  guidance  of  one  kind 
or  another,  but  they  have  tq  learn  things  outside  of  the  engi- 
neering field.  That  means  student  activities.  We  are  begin- 
ning to  believe  that  we  turn  out  men  who  succeed  better  in  the 
long  run  out  of  school  if  during  their  school  years  we  give 
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them  a  reasonable  amount  of  time  for  student  activities  and 
give  them  credit  for  what  they  do.  just  exactly  as  they  do  for 
class  room  work.  I  would  like  to  have  the  people  who  were 
discussing  this  thing  stop  to  think  for  a  minute — how  much 
time  can  you  give  a  man  with  a  fifty-four-hour  schedule  for 
the  big  work  of  his  life,  to  develop  his  own  character? 

Dean  Butler:  Mr.  President,  I  am  speaking  in  self-defense. 
I  am  very  envious  of  the  schools  that  are  in  a  position  to 
say  that  one  hour  of  credit  shall  mean  whatever  seems  fair 
and  desirable ;  but  there  are  some  of  us  not  in  that  class.  Our 
ratio  has  been  fixed  largely  by  those  outside  of  engineering 
departments.  In  our  school  it  means  three  to  one  and  we 
cannot  change  it.  I  do  not  claim  that  our  men  should  do 
more  than  fifty- four  hours'  work,  but  they  can  handle  that 
much ;  yet,  if  this  goes  through,  I  am  sure  that  I  am  going  to 
have  a  schedule  of  sixteen  unit  hours  of  work,  and  T  know 
that  is  the  case  in  other  schools. 

Professor  Berg:  Mr.  President,  just  one  word.  I  am  op- 
posing any  standardization  in  engineering  courses.  This  is 
a  tendency  in  that  direction.  There  ought  to  be  many  kinds 
of  engineering  courses.  This  laying  down  of  laws  that  we 
must  divide  the  time  a  certain  way.  devote  so  much  to  so  many 
subjects,  is  undesirable,  it  is  something  that  should  be  decided 
by  each  faculty,  depending  upon  characteristics  of  the  pro- 
fessors and  teaching  staff. 

Dean  Walker:  Before  the  question  is  put  I  want  to  point 
out  something:  that  is  probably  ambiguous.  This  resolution 
states  that  the  total  work  shall  not  cover  more  than  forty- 
eight  hours  of  the  work  in  exercises.  That  is,  if  there  are 
some  subjects  requiring  no  outside  preparation,  the  student's 
total  time  required  is  not  more  than  forty-eight  hours  a  week. 
I  move  to  strike  out  the  words  "to  be  divided  among"  ami 
substituting  the  words  "to  includ^,"  so  that  it  will  read  "this 
time  to  iiR-lude  not  more  than  five,"  etc. 

G.  C  Anthony:  It  seems  to  me  that  it  is  a  very  unfortu- 
nate motion.     In  the  first  place  we  are  dealing  with  units  that 
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we  cannot  agree  on.  We  have  a  schedule  hour  and  we  have 
the  term  hour,  as  -some  of  us  call  it.  We  have  already  arranged 
this  thing  in  our  institution  at  the  bottom  rate  of  seventeen 
term  hours,  which  means  fifty-one  working  hours,  approxi- 
mately, and  which  varies  all  the  way  from  forty-eight  to  fifty- 
five  or  sixty  as  the  case  may  be. 

We  are  workjng  upon  a" unit  that  we  cannot  determine  for 
all  institutions,  and  we  will  be  doing  well  if  we  determine  it 
for  our  own  institutions. 

The  motion  to  reduce  the  number  of  subjects  which  are  car- 
ried at  one  time  would  be  a  very  great  improvement,  and  in 
our  faculty  at  Tufts  College  we  have  been  attempting  to  enable 
the  curriculum  to  be  so  designed  that  it  will  reduce  the  num- 
ber of  subjects  in  the  freshman  program  to  four,  and  in  the 
upper  class  to  five.  I  am  very  much  opposed  to  the  motion 
as  stated  and  will  vote  against  it. 

(The  motion,  duly  made  and  seconded,  was  then  put  before 
the  members  for  vote  and  was  defeated.) 

The  next  in  regular  order  would  be  Resolution  No.  4.  ' '  That 
all  engineering  students  should  be  required  to  pursue  courses 
which  will  prepare  them  for  administrative  duties  and  for  re- 
sponsible and  effective  citizenship.  These  courses  should  in- 
volve constant  training  in  the  use  of  English,  both  written  and 
oral."     Is  there  a  motion  to  consider? 

Dean  Sackett:  I  submit  that  the  last  sentence  is  practi- 
cally an  impossibility.  "These  courses  should  involve  con- 
stant training  in  the  use  of  English,  both  written  and  oral." 

Dean  Taylor:  As  a  member  of  the  committee  I  can  state 
what  I  had  in  mind,  and  I  think  what  the  others  members 
had,  was  not  in  the  junior  and  senior  year  they  should  take  a 
course  in  English,  but  carry  it  out  as  we  do  in  the  University 
of  Texas,  that  is.  every  examination  paper  may  be  submitted 
to  a  standardization  committee.  We  have  a  standing  com- 
mittee on  the  student's  use  of  English,  or  whatever  you  wish 
to  call  it.  Sometimes  a  student  who  has  passed  English  in 
his  freshman  and  sophomore  year  thinks  he  has  finished  it  all, 
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and  he  gets  so  loose  in  his  subject  that  we  have  to  pass  his 
paper  over  to  that  committee.  I  think  that  is  what  is  contem- 
plated, that  any  paper  is  subject  to  the  committee  on  English. 

Professor  Berg:  It  is  true  that  ninety  per  cent,  of  the  en- 
gineering students  expect  and  hope  to  be  managers  and  admin- 
istrators. It  is  a  rather  regrettable  thing.  I  think  some  stu- 
dents, at  least,  or  indeed  a  great  many  of  th^m,  ought  to  be 
trained  so  that  they  would  love  engineering  for  the  sake  of 
engineering. 

I  do  not  like  the  way  this  reads.  It  was  a  great  surprise 
to  me  to  find  that  about  fifty  per  cent,  of  the  engineering  col- 
leges were  not  giving  any  courses  along  lines  of  economics. 
That  is  of  course  entirely  wrong,  some  course  in  economics 
should  be  included  in  every  engineering  curricultim-  But  I 
would  like  to  eliminate  that  word  "administrative  duties" 
from  this  part  of  it  and  suggest  that  we  state  instead  that  all 
engineering  students  should  be  required  to  pursue  some 
courses  in  economics. 

Professor  Berg:  What  I  want  to  bring  out  is  this  fact  that 
our  engineering  courses  should  contain  the  fundamentals  of 
economics.  That  is  important,  but  it  is  not  important  that 
they  should  contain  courses  that  lead  to  administrators' 
positions.  • 

G.  E.  Chatbum:  While  coming  in  on  the  Pullman,  the  day 
before  yesterday,  the  first  night  out  from  home  I  fell  in  with 
an  alumnus  of  my  own  college,  who  is  now  a  practical  mining 
engineer  in  the  West  and  a  very  successful  man.  He  was  on 
his  way  to  New  York  City  with  a  half  dozen  other  men  who 
were  the  heads  of  large  business  institutions;  he  told  me  that 
not  a  single  one  of  those  men.  and  a  great  many  others  that 
he  had  mentioned,  had  ever  graduated  from  a  college,  and  he 
wondered  why  it  was  that  our  engineering  students  did  not 
become  the  heads  of  large  institutions;  he  thought,  and  it 
seemed  to  me  that  his  ideas  were  well  taken,  that  we  should 
put  into  our  engineering  courses  something  that  would  lead 
to  administration  that  would  develop  administrative  ability, 
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SO  that  college  graduates  would  become  the  heads  of  the  big 
business  concerns  of  the  country  instead  of  those  places  being 
taken  up  by  men  yho  had  grown  up  in  the  service. 

Professor  Jackson :  While  this  resolution  is  to  be  ap- 
plauded in  its  intent,  its  phrasing  may  leave  the  inference 
that  the  present  subjects  are  not  preparing  our  students  for 
respoiLsible  and  effective  citizenship.  Xow,  I  want  to  deny 
that  very  emphatically.  I  wish  to  urge  the  proposition  that 
the  engineers  as  a  professional  body  are  as  effective  in  citizen- 
ship and  as  responsible  as  any  professional  body  in  the  world. 
If  the  resolution  is  carried,  I  wish  to  urge  an  amendment  in 
this  form,  immediately  after  the  word  ''will""  insert  "have 
as  the  direct  object."'  and  then  change  the  word  "prepare" 
to  "preparing,""  so  that  it  reads,  "all  engineering  students 
should  be  required  to  pursue  coui'ses  which  will  have  the  di- 
rect object  of  preparing  them.""  In  other  words.^  recognizing 
as  we  do  that  the  subjects  which  our  students  now  follow  do 
prepare  them  for  thoroughly  responsible  citizenship,  yet  we 
also  recognize  that  it  is  desirable  to  have  some  subjects  in  the 
curriculum  which  have  particularly  that  one  object  in  view. 

Dean  Mott:  I  agree  with  Professor  Jackson  that  our  men 
carry  on  administrative  duties  and  are  effective  citizens. 
However.  I  do  submit  that  most  of  our  engineering  students 
and  graduates,  when  they  leave  us,  are  not  properly  trained. 
Many  of  them  may  talk  about  the  "Maguires"'  of  Hungary; 
they  know  very  little  about  either  our  home  or  foreign 
relations. 

Professor  Berg:  I  am  going  to  talk  against  that  amend- 
ment because  I  do  not  think  engineering  students  should  have 
that  course.  Most  of  us  who  have  made  out  schedule  for  engi- 
neers know  the  difficulty  at  the  time.  Here  all  of  a  sudden 
this  body  decides  that  all  students  should  be  given  a  course 
in  administration.  Perhaps  ninety  per  cent,  should  have  it, 
but  it  would  be  unfortunate  for  all.  Some  institutions  at 
least  ought  to  concentrate  on  scientific  engineering  which  re- 
quires a  great  deal  of  time. 
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Dean  Walker:  If  a  substitute  motion  is  in  order  for  the 
whole  proposition,  I  wish  to  submit  the  following,  below  para- 
graph 4.  that  the  S.  P.  E.  E.  looks  with  favor  upon  the  move- 
ment to  have  an  effective  business  course  made  a  part  of  the 
course  of  study.  This  should  involve  continued  training  in 
the  use  of  English. 

The  President:  I  understand  that  is  proposed  as  a  substi- 
tute motion  for  this  resolution.  I  will  rule  if  it  is  satisfac- 
tory, that  the  substitute  motion  now  is  before  the  meeting. 

Dean  Sackett:  ^Ir.  President.  I  wanted  to  suggest  that  it 
is  not  more  constant  training  in  English  but  more  effective 
training  in  English  that  is  needed. 

The  President:  Will  Professor  "Walker  state  the  motion 
once  more  ? 

Dean  Walker :  That  the  Society  for  the  Promotion  of  En- 
gineering Education  looks  with  favor  on  the  movement  to 
include  business  training  as  part  of  the  coui*se  of  study.  This 
should  involve  continued  training  in  the  use  of  English. 

Professor  Magmder:  I  would  like  to  get  a  definition 
from  Dean  Walker.  Do  you  mean  stenography  and  type- 
writing  and  banking  and  making  out  each  other's  checks  and 
such  things  that  we  have  in  a  business  training  schools. 

Dean  Walker:  I  mean  the  class  of  courses  which  are  rec- 
ognized in  tiic  established  schools  of  commerce  in  a  large  num- 
ber of  universities. 

Professor  Berg:  Courses  along  economic  lines,  would  that 
suit  you  ? 

Professor  Magmder:  AVould  you  be  willing  to  consider 
this:  a  course  in  business  administration,  which  would  include 
the  lower  as  well  as  the  higher? 

Dean  Walker:  I  believe  we  will  be  closer  to  the  standard 
rules  and  standard  .scope  of  courses  such  as  have  grown  up  in 
the  universities,  with  particular  reference  to  the  schools  of 
commerce  if  we  do  not  use  a  word  so  closely  definitive  of  scope 
as  administration. 

Professor  Magruder:  What  I  would  like  to  see.  Mr.  Chair- 


VOCATIOXAL    INTELLIGENCE    TESTING.  155 

man,  is  a  course  added  in  the  humanities.  By  that,  Latin  and 
Greek,  the  humanities  as  we  know  them  today  in  our  colleges 
of  commerce — not  commercial  schools,  but  in  our  colleges  of 
commerce.  Begin  with  economics  as  a  foundation  stone  and 
come  up.  Begin  with  political  economy,  that  is,  the  political 
side,  and  go  on  up  so  that  when  a  men  gets  out  into  the  world 
he  will  know  something  about  labor  troubles,  he  will  know 
something  about  what  rights  he  has  as  a  citizen  in  his  com- 
monwealth. 

Dean  Walker:  That  is  exactly  what  it  means. 

Professor  Magruder:  Will  you  kindly  put  that  into  Eng- 
lish of  our  understanding? 

J.  C.  Tracy:  It  seems  to  me  we  should  be  rather  cautious 
in  passing  any  resolution  in  regard  to  this  without  first  know- 
ing what  was  done  in  "Washington  yesterday.  A  resolution 
carefully  prepared  after  two  days'  conference  in  consultation 
with  business  men  was  passed  and  I  believe  that  we  are  in 
danger  of  passing  a  resolution  which  may  conflict  with  that. 
Take,  for  example,  the  term  business  administration.  Busi- 
ness men  present  at  that  conference  rather  seriously  objected 
to  the  use  of  that  term ;  and  I  think  it  would  be  wise  if  this 
could  be  laid  on  the  table  for  the  present  and  perhaps  taken 
up  again  after  the  resolution,  which  was  originally  prepared 
I  think  by  Dr.  Mann,  has  been  read  and  considered  by  this 
Society. 

Dean  Turneaure:  At  one  of  the  meetings  along  this  very 
line  it  was  recommended  that  engineering  schools  should 
proceed  in  the  training  of  engineers  for  commerce  by  the 
extension  of  courses  in  economics.  Now,  I  am  lost  because  I 
do  not  remember  the  words  used.  But  I  think  this  resolution 
can  be  resurrected  in  a  day  or  so ;  and  if  this  matter  was  re- 
ferred back  to  the  Committee,  I  think  we  could  bring  in  a 
resolution  that  would  harmonize  with  the  resolution  passed 
yesterday. 

The  President:  The  question  is  then  to  recommit  this  par- 
ticular resolution.  No.  4,  to  the  Committee. 
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(The  motion,  duly  made  and  seconded,  was  then  put  before 
the  members  for  vote  and  was  carried.) 

The  President:  The  motion  is  recommitted. 

We  come  then  to  No.  5.  This  resolution  is,  "That  a  com- 
mittee be  appointed,  to  study  and  report  to  the  Society,  the 
most  desirable  method  or  methods,  of  carrying  on  shop  work 
for  students  pursuing  engineering  courses,  so  that  such  shop 
work  shall  motivate  as  many  of  the  courses  of  study  as  possi- 
ble.""    It  is  a  motion  to  appoint  a  committee. 

Professor  Hatt:  I  wish  it  might  be  broadened.  It  brings 
in  the  very  important  study  of  motivation  of  the  student,  as 
I  read  Dr.  Mann's  report,  and  with  the  consent  of  the  com- 
mittee I  would  like  to  modify  that  resolution  to  read  as  fol- 
lows: ''  That  a  committee  be  appointed  to  consider  and  report 
to  the  Society  the  methods  of  instruction,  particularh-  in  shop 
work,  by  which  motivation  of  the  student  may  be  accom- 
plished."* The  hour  is  getting  late.  Otherwise  I  would  like 
to  say  a  few  words  on  that  subject  of  motivation,  but  I  think 
we  all  understand  what  is  meant  by  the  term. 

Dean  Barnes :  What  does  the  term  shop  work  mean  as  put 
in  this  resolution.  I  want  to  ask  what  the  term  shop  work 
means? 

Dean  Mott:  The  term  shop  work  as  used  here  is  intended 
to  cover  work  in  the  carpentry  shop,  foundry,  machine  shop, 
and  it  is  a  term  used  to  cover  shop  work. 

Professor  Berg:  ^Ir.  President.  I  am  ashamed  to  rise 
again,  but  I  am  a  practical  engineer  and  also  a  teacher.  I 
have  no  objection  to  voting  yes  because  after  all  we  are  only 
to  appoint  a  committee.  It  is  a  different  thing  to  accept  com- 
mittee's recommendation.  And  I  am  sure  the  committee  will 
realize  that  there  are  as  many  different  colleges  and  that  we 
are  endeavoring  to  do  many  different  things,  so  that  the  cer- 
tain shop  work  for  one  electrical  engineering  course  cannot 
po.ssibly  be  the  best  for  another. 

Professor  Hatt:  The  Substituted  motion  is  "That  a  com- 
mittee be  pointed  to  consider  and  report  to  the  Society  the 
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methods  of  instructions,  particularly  in  shop  work,  by  which 
motivation  of  the  students  may  be  accomplished." 

(The  motion,  duly  made  and  seconded,  was  then  put  before 
the  members  for  vote  and  was  carried.) 

Professor  Jackson:  Was  that  not  a  vote  on  the  substitu- 
tion of  Professor  Hatt's  motion  for  the  original  resolution? 
I  supposed  we  would  have  another  chance  at  the  resolution 
before  its  final  passage. 

Professor  Jackson:  On  account  of  ambiguity  of  the 
phraseology  as  it  now  stands.  I  urge  that  the  resolution  should 
be  re-referred  to  the  Committee. 

(The  motion,  duly  made  and  seconded,  was  then  put  before 
the  members  for  vote  and  was  carried.) 

The  President:  Now,  we  come  to  Xo.  6.  "That  the  Society 
should  cooperate  with  the  national  and  other  engineering  so- 
cieties, with  a  view  to  establishing  a  classification  of  tbc  work, 
or  positions,  including  specifications  as  to  necessary  prepara- 
tion and  qualifications,  into  which  our  engineering  graduates 
enter,  so  that  undergraduate  students  would  thus  have  a 
clearer  understanding  of  the  work  for  which  they  are  prepar- 
ing themselves  and  instructors  have  before  them  a  constant 
reminder  of  the  main  purpose  of  their  teaching  work."  Is 
there  a  motion  to  approve  this  resolution  and  pa?s  this 
resolution  ? 

Professor  Berg:  I  am  sorry  I  have  to  speak  again.  I  think 
you  must  agree  with  me  that  it  is  quite  impossible  for  any 
body  of  men,  I  do  not  care  who  they  are,  to  make  out  a  list  of 
what  engineers  are  going  to  do.  It  is  impossible  to  saj'  what 
electrical  engineers  are  likely  to  do.  I  have  been  in  the  prac- 
tical engineering  business  for  twenty  years,  and  feel  that  I 
understand  its  features.  It  would  be  different  if  we  were 
dealing  with  vocational  training,  a  straight  school  proposi- 
tion. "We  might  know  what  the  blacksmith  needs,  or  some- 
thing like  that.  But  we  are  dealing  with  engineers  who  are 
going  to  face  every  conceivable  position.  I  do  not  think  that 
it  can  be  done,  and  am  against  it. 
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H.  B.  Shaw:  I  would  like  to  make  a  suggestion  that  the 
object  of  this  No.  6  could  to  my  mind  be  better  determined  by 
each  institution  getting  a  picture  of  what  its  graduates  do 
after  graduation.  And  I  think  you  would  find  cooperation 
from  the  employers  of  those  graduates,  particularly  those  who 
employed  them  in  considerable  numbers. 

J.  p.  J.  Williams:  I  suppose  that  most  of  you  know  per- 
haps that  the  Engineering  Council  at  the  present  tim^  has  a 
committee  working  on  the  question  of  classification  of  engi- 
neers, and  they  are  making  a  deliberate  attempt  to  place  engi- 
neers in  various  classifications  in  connection  with  the  matter 
of  compensation. 

I  would  like  to  call  attention  also  to  Dr.  J.  A.  L.  AVaddeirs 
suggestion  in  the  symposium  which  the  Engineering  Neus- 
Fecord  had  recently.  He  suggested  that  the  S.  P.  E.  E. 
should  appoint  a  committee  composed  of  eight  men.  four  pro- 
fessors of  the  engineering  college  and  four  practising  engi- 
neers :  and  it  occurs  to  me  in  this  connection  that  that  kind  of 
a  combination  committee  should  be  appointed  which  will  bring 
together  the  academic  efforts  of  the  professors  and  the  de- 
mands of  the  practising  engineers. 

(The  motion,  duly  made  and  seconded,  was  then  put  before 
the  members  for  vote  and  was  carried.) 

The  President:  The  motion  is  made  to  refer  it  to  the  coun- 
cil, the  matter  of  arranging  for  carrying  out  this  resolution. 

(The  motion,  duly  made  and  seconded,  was  then  put  before 
the  members  for  vote  and  was  carried.) 


MILITARY  TRAINING  IN  ENGINEERING 
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BY  COL.  F.  J.  MOEEOW, 

Chairman,   Committee   on   Education  and  Special   Training   of  the  "War 

Department. 

In  April,  1917,  when  the  United  States  entered  the  war  it 
was  but  little  prepared  to  undertake  military  operations 
against  a  first-class  power.  The  National  Defense  Act  of 
1916  had  increased  the  size  of  the  Regular  Army  to  175,000 
men,  to  be  provided  in  five  annual  increments.  But  one  of 
these  increments  had  been  added.  In  every  one  of  the  scien- 
tific and  technical  branches,  the  Army  was  deficient  both  as 
to  personnel  and  material.  Agitation  favoring  military  pre- 
paredness had  been  carried  on  by  a  small  group  who  saw 
clearly  that  our  participation  in  the  world  conflict  could  not 
"  be  much  longer  postponed,  but  the  great  mass  of  the  people 
did  not  see  the  necessity  for  it.  They  saw  in  preparedness 
the  spectre  of  militarism,  and  to  militarism  they  attributed 
the  conflagration  which  had  burst  forth  in  Europe  in  1914. 
With  the  entry  of  America  into  the  war  it  became  necessary 
to  immediately  devise  a  scheme  which  would  give  us  the  im- 
mense army  of  trained  men  necessary  to  make  our  participa- 
tion effective.  To  the  eternal  credit  of  our  legislators  they 
declined  to  be  satisfied  with  voluntary  service.  The  passage 
of  the  draft  law  effectively  democratized  our  military  effort. 
It  brought  home  to  the  American  people  the  idea  that  every 
citizen  who  shared  in  the  benefits  of  our  democratic  system 
must  be  prepared  in  his-  turn  to  render  military  service.  The 
passage  of  the  draft  law  was  made  possible  largely  through 
the  influence  of  thousands  of  business  and  professional  men 
who  had  come  to  realize  the  ineffectiveness  and  waste  of  effort 
involved  in  any   other  system.     Perhaps  the  most  effective 
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work  along  this  liue  was  done  by  those  who  had  attended  the 
Plattsburgh  camps.  The  value  of  that  movement  can  hardly 
be  overstated.  The  men  who  went  there  became  convinced 
that  the  making  of  a  soldier  is  more  than  the  mere  uniform- 
ing and  equipping  of  the  citizen.  The  consciousness  of  this 
fact  carried  with  it  the  realization  that  America  had  very  few 
trained  men  to  lead  a  large  Army  and  in  consequence  those 
business  men  exerted  their  influence  to  correct  this  state  of 
affairs. 

To  be  reasonably  well  prepared  for  a  war  which  can  not 
be  honorably  avoided,  does  not  mean  that  we  must  burden 
ourselves  with  a  military  system  so  vast  that  it  threatens  our 
democratic  ideals  or  our  republican  institutions.  There  is  a 
happy  mean  between  the  bristling  menace  of  Prussian  mili- 
tarism and  the  helpless  impotence  of  China.  It  is  an  inspir- 
ing thing  that  an  unmilitary.  undisciplined  and  peaceful 
people  should  have  been  able  to  raise,  equip  and  transport 
across  the  ocean,  a  gigantic  and  formidable  army.  The  fact 
that  we  succeeded  in  accomplishing  this  task  must  not  blind 
us  to  the  danger  we  incur  if  we  surrender  ourselves  to  the 
snug  thought  that  we  shall  always  be  able  to  successfully 
duplicate  that  feat.  The  United  States  in  1917,  and  Great 
Britain  in  1914,  were  able  to  create  immense  armies  because 
they  were  given  time  for  organization,  and  for  the  manufac- 
ture of  equipment  and  munitions.  The  boundless  resources 
of  America  and  the  deep-rooted  loyalty  and  patriotism  of  our 
people  would  have  availed  humanity  but  little  had  not  French, 
British,  Russian.  Italian  and  Belgian  armies  and  the  steel 
walls  of  the  British  fleet  held  off  the  foe  until  the  hammer, 
which  was  to  crush  him,  could  be  forged  at  home. 

The  day  has  passed  when  the  3,000  miles  of  rolling  Atlantic 
and  the  vast  expanse  of  the  Pacific  will  insure  to  America 
her  "splendid  isolation"  and  absolute  immunity  from  for- 
eign invasion.  Only  a  few  days  have  passed  since  we  have 
read  in  the  papers  of  the  latest  aerial  achievements  which 
bring  America  and  Europe  within  sixteen  hours  of  each 
other's  shores. 
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Intelligent  and  far-sighted  statesmanship  charged  with  the 
direction  of  our  national  affairs  must  determine  what  meas- 
ures will  provide  that  balance  in  national  preparedness  to 
which  I  have  referred. 

Perhaps  no  government  in  the  world  is  more  sensitively- 
responsive  to  the  trend  of  public  opinion  than  our  own  when 
it  is  once  clearly  manifested.  The  power  of  public  opinion 
in  determining  the  policy  of  the  executive  and  legislative 
branches  is  most  potent.  Most  of  our  newspapers  are  reflec- 
tors rather  than  moulders  of  the  views  of  the  people.  The 
direction  and  guidance  of  the  great  force  known  as  public 
opinion,  lies  largely  in  the  educated  men  and  women  of  the 
country,  and  the  educated  men  and  women  of  America  are 
the  products  of  our  collegiate  institutions.  The  college  grad- 
uate has,  therefore,  a  heavy  responsibility  and  his  teachers 
have  a  greater  one.  Can  it  be  denied  that  at  the  door  of  our 
educators  lies  a  part  of  the  responsibility  for  the  public 
opinion  which  approved — or  at  least  failed  to  forcibly  disap- 
prove— the  state  of  unpreparedness  of  our  country  previous 
to  the  war? 

Few  of  the  leading  educators  had  seen  the  writing  on  the 
wall,  the  need  for  military  training  in  the  schools  was  not 
appreciated,  and  some  were  actively  engaged  in  discouraging 
any  preparation  for  national  defense.  Many  thousands  of 
graduates  were  going  forth  annually  and  entering  into  the 
life  of  the  nation  without  having  acquired  any  preparation 
for  any  particular  form  of  service. 

Today,  with  the  experience  of  the  war  behind  us,  necessity 
for  a  closer  affiliation  of  the  colleges  and  the  AYar  Department 
seems  to  be  generally  appreciated.  Past  deficiencies  and  the 
heavy  price  which  must  inevitably  be  paid  for  the  neglect 
of  thorough  preparations  are  clearly  recognized.  It  can  be 
said  that  our  country  in  times  gone  by  did  not  benefit  itself 
from  its  participation  in  previous  wars ;  that  as  soon  as  the 
sad  experience  had  passed  we  began  promptly  to  forget  it 
and  to  conduct  ourselves  as  though  there  would  never  be 
another. 

12 
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It  is  an  encouraging  sign  of  the  times  that  today  there  is 
a  determination  that  we  shall  take  permanent  advantage  this 
time  of  our  deficiencies  in  preparation.  One  form  in  which 
this  determination  manifests  itself  is  in  the  preparation  of 
college  men  for  possible  future  service.  In  your  hands  lies 
the  opportunity  for  developing  in  j-our  graduates  a  spirit  and 
capacity  for  service.  The  educational  world  should  feel  a 
responsibility  for  imparting  to  America's  youth  an  intelli- 
gent understanding  of  our  country's  problems  of  defense. 

The  Government  has  established  a  liberal,  comprehensive 
and  workable  system  to  assist  schools  and  colleges,  and  it 
desires  to  cooperate  with  them,  sharing  the  problems  of  in- 
struction and  largely  assuming  the  financial  burdens.  It 
does  this  through  the  Eeserve  Officers'  Training  Corps. 

The  R.  0.  T.  C,  as  it  is  commonly  called,  had  its  inception 
in  the  National  Defense  Act  of  June  3,  1916,  and  in  the  fall 
of  that  year  it  began  to  function.  Before  the  close  of  the  first 
academic  year  came  the  declaration  of  war  and  thousands  of 
the  students,  including  practically  all  the  cadet  officers,  flocked 
to  the  training  camps  and  the  recruiting  offices.  The  organi- 
zation finished  the  year  as  best  it  could  and  prepared  to  carry 
on  in  the  fall  of  1917  with  the  instruction  largely  in  the  hands 
of  retired  officers  who  were  recalled  to  active  duty  for  this 
purpose.  Towards  the  close  of  the  war  the  R.  O.  T.  C.  had 
been  largely  replaced  in  the  colleges  and  universities  by  the 
Students'  Army  Training  Corps  which  had  taken  over  102 
of  the  123  units  nominally  in  existence.  "With  the  signing 
of  the  armistice  and  the  subsequent  demobilization  of  the 
S.  A.  T.  C.  these  units  were  automatically  restored  to  their 
former  .status  and  the  growth  of  the  R.  0.  T.  C.  from  then 
on  has  been  rapid. 

Since  November  11,  324  new  units  have  been  approved  and 
are  now  in  the  various  stages  of  organization.  Over  and 
above  the  494  units  now  in  existence,  there  are  89  applica- 
tions on  file. 

The  494  units  which  I  have  mentioned  above  are  dis- 
tributed through  336  institutions  in  everv  state  in  the  Union 
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and  in  Hawaii  and  Porto  Rico  as  well.  There  are,  I  believe, 
approximately  126  institutions  in  this  country  in  which  engi- 
neering education  is  offered.  Of  these  99  will  be  found  to 
maintain  units  of  the  E.  0.  T.  C.  Four  others  have  made 
application.  The  99  units  already  established  are  divided 
amongst  the  various  branches  of  the  service  approximately 
as  follows : 

Coa^t  Artillery   23 

Field  Artmerr   20 

Machine  Gun    2 

Engineers     16 

Signal  Corps  21 

Infantry 93 

Cavalry    3 

Of  these,  the  Engineering,  the  Signal  Corps,  and  the  Coast 
Artillery  units  absolutely  require  engineering  courses  and 
this  will  also  be  true  of  Ordnance  and  Motor  Transport  Corps 
units  when  they  come  to  be  established.  Engineering  insti- 
tutions are,  of  course,  also  favorable  for  the  units  of  all 
services. 

It  has  been  determined  that  to  supply  the  necessary  tech- 
nical officers  for  a  citizens'  reserve  army  of  5,000.000.  an 
annual  increment  of  about  7.000  such  officers  must  be  pro- 
vided. Modern  warfare  makes  an  insistent  and  constantly 
increasing  demand  for  officers  with  technical  training.  It  is 
of  vital  importance  that  these  men  should"  have  if  possible 
such  training  as  only  engineering  colleges  can  afford.  Before 
the  war  our  engineering  schools  graduated  annually  about 
4,300  young  men.  Of  these  a  percentage  would  not,  for 
physical  and  other  reasons,  be  qualified  for  military  service 
as  officers  of  the  Army.  It  is  probably  safe  to  say  that  not 
more  than  3.500  could  be  counted  on  as  eligible  for  commis- 
sions in  the  Officers'  Reserve  Corps  each  year.  This  number 
provides  us  with  one  half  of  those  required.  If  even  this 
half  is  to  be  made  available  it  means  that  every  student  of 
engineering  must  be  enrolled  in  the  R.  0.  T.  C.  and  encour- 
aged to  seek  a  commission  in  the  Reserve  Corps. 
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While  the  eugiueeriug  schools  reuder  such  a  contribution 
to  the  country  they  should  receive  certain  substantial  bene- 
fits in  return.  It  is  particularly  noticeable  in  the  case  of 
engineering  courses  that  they  do  not  require  much  modifica- 
tion in  order  to  be  of  military  value.  It  is  necessary  to  par- 
tially shift  the  emphasis  and  to  introduce  concrete  problems 
and  applications  of  a  military  nature;  this  military  subject 
matter  will  add  interest  and  value  to  the  courses  without 
detracting  from  their  general  academic  worth.  The  use  of 
the  engineering  courses  as  a  part  of  the  training  for  a  reserve 
officer  will  furthermore  contribute  an  added  incentive  to  the 
students,  and  will  inculcate  in  them  at  the  same  time  a  sense 
of  civic  responsibility  and  national  service. 

The  marked  improvements  in  the  morale,  esprit,  and  gen- 
eral disciplinary  bearing  of  the  undergraduates  in  schools 
where  the  E.  0.  T.  C.  has  become  a  part  of  the  institutional 
life  has  been  generally  noted  with  satisfaction.  It  has  been 
made  evident  that  military  instruction  tends  to  produce  bet- 
ter coordination  of  mind  and  body  than  athletics,  it  incul- 
cates firmness  and  decision  of  character,  respect  for  law  and 
authority,  quick  thinking,  and  alertness  of  mind. 

There  are  certain  special  problems  which  arise  in  connec- 
tion with  the  introduction  of  the  R.  0.  T.  C.  into  engineering 
institutions  and  I  should  be  very  glad  of  your  assistance  in 
their  solution.  I  shall  confine  myself  to  two.  First,  there  is 
the  problem  of  overloaded  schedules.  This  is  solved  in  part 
by  incorporating  in  the  military  program,  those  subjects 
which  form  part  of  the  academic  program.  There  remains 
the  necessity  of  providing  a  certain  amount  of  time  outside  of 
the  study  periods  for  physical  training.  I  think  you  will 
admit  that  a  good  physical  set  up,  good  carriage,  powers  of 
endurance,  the  habit  of  physical  activity  and  self-care  are 
essential  to  every  man,  civilian  or  soldier.  It  does  not  seem 
unreasonable  to  ask  every  young  American  at  the  formative 
period  of  his  life  to  devote  at  least  two  hours  per  week  to  the 
development  and  establishment  of  good  health.  Secondly,  the 
reduction  or  abandonment  of  practical  military  exercise  dur- 
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ing  the  academic  year  requires  special  emphasis  upon  sum- 
mer camps.  Several  difficulties  arise  here.  The  student  who 
depends  on  his  summer  earnings  for  funds  with  which  to 
pay  his  way  through  college  finds  it  difficult  to  give  up  his 
six  weeks  of  the  summer  to  camp  training.  In  the  case  of 
some  institutions,  there  is  the  added  difficulty  of  continuous 
academic  sessions,  summer  schools  and  summer  shop  work  or 
engineering  camps.  I  feel  sure  that  we  can  in  some  way 
reach  a  solution  of  this  difficulty;  perhaps  by  combining  all 
the  camp  work  into  a  single  three  months'  period,  so  as  to 
leave  all  of  the  summers  free  but  one,  which  might,  if  neces- 
sary be  the  summer  after  graduation. 

These  are  difficulties  with  which  we  are  contending  and  on 
these  and  on  all  other  matters  I  shall  be  grateful  for  your 
advice  and  help. 


THE  PROBLEM  METHOD  AT  THE  ENGINEERING 

SCHOOL,  U.  S.  ARMY,  CAMP  A.  A. 

HUMPHREYS,  VA. 

BY  MAJOR  C.  C.  MORE  AND  CAPT.  W.  E.  DUCKERING, 
U.  S.  Army. 

The  primary  purpose  of  The  Engineering  School  at  Camp 
A.  A.  Humphreys,  Va.,  is  to  stimulate  and  encourage  the  stu- 
dent in  the  exercise  of  his  power  of  independent  thought,  rea- 
soning and  judgment,  and  to  increase  his  ability  to  cope  with 
new  situations  when  confronted  with  them  in  engineering 
practice,  rather  than  merely  to  provide  him  with  a  fund  of 
engineering  information  and  abstract  theory,  valuable  as  the 
latter  are  as  adjuncts  in  his  training.  This  purpose  was  laid 
down  as  a  guiding  principle  at  the  very  beginning,  by  the 
Chief  of  Engineers,  Major  General  W.  M.  Black,  and  was 
emphasized  continually  by  Colonel  V.  P,  Peterson,  Com- 
mandant of  The  Engineer  School.  In  the  half-year  ending 
June,  1919,  under  the  personal  direction  of  Colonel  Earl 
North  and  with  the  enthusiastic  codperation  of  the  instructors, 
this  object  was  attained  in  the  Department  of  Mechanics  of 
Engineering,  by  the  use  of  methods  similar  to  those  Avhich 
bare  been  in  successful  operation  during  the  past  six  or  seven 
years  at  tbe  University  of  Washington,  Seattle.  (The  "Wash- 
ington method  of  teaching  mechanics  is  the  outgrowth  of  sev- 
eral 3'ears  of  experimentation  carried  on  with  the  enthusiastic 
encouragement  and  support  of  Professor  A.  H.  Fuller,  then 
dean  of  the  College  of  Engineering.  A  brief  description  of 
this  method  is  given  in  an  article  by  W.  E.  Duckering,  in 
Engineering  Education,  May,  1917.) 

The  major  portion  of  the  classroom  work  was  devoted  to 
stimulating  mental  effort  on  the  part  of  the  student,  and  to 
training  him  in  practical  methods  of  attacking,   analyzing, 
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and  solving  engineering  problems,  instead  of  being  devoted  to 
the  usual  methods  which  attempt  to  cover  a  set  amount  of 
text-book  material,  and  center  instruction  around  that  pur- 
pose. The  student  was  encouraged  to  use  his  own  judgment 
and  to  make  use  of  ideas  which  had  grown  out  of  his  own 
previous  experience.  An  endeavor  was  made  to  lay  the  founda- 
tion for  future  effort  within  the  student  himself,  rather  than 
in  a  text  which  he  could  carry  under  his  arm.  Every  encour- 
agement was  offered  to  the  development  of  what  may  be  called 
the  "engineering  mind." 

In  this  method  there  are  two  definite  phases  of  the  work : 
First,  the  phase  in  which  study  problems  are  used,  and  second, 
that  in  which  drill  or  training  problems  are  used.  Study 
problems  were  designed  for  purpose  of  analysis  rather  than 
synthesis,  with  concrete  engineering  situations  used  as  a  basis. 
Where  feasible,  the  objective  ideas  corresponding  to  technical 
terms  used  by  engine'ers  were  presented  by  means  of  visits  to 
actual  engineering  structures.  In  this  manner  the  students 
were  enabled  to  more  easily  visualize  and  understand  the 
technical  language  of  the  engineer.  For  example,  a  bridge 
was  visited  before  the  first  study  problem  was  taken  up.  The 
names  and  functions  of  the  various  parts  were  discussed,  and 
the  question  was  raised  as  to  the  path  traversed  by  a  load 
placed  upon  the  bridge,  as  it  is  transmitted  through  the  mem- 
bers of  the  bridge,  from  its  point  of  application  to  the  ground. 
This  introduced  one  of  the  fundamental  principles  of  engi- 
neering thought  into  the  minds  of  the  students  at  an  early 
stage  in  their  training.  This  visit  to  the  bridge  was  not  made 
for  the  purpose  of  analyzing  that  particular  structure  but  to 
introduce  the  subject  of  structures  in  general.  The  subse- 
quent class-room  work  dealt  with  a  different  type  of  bridge 
and  during  the  course  many  types  of  bridges  were  used  in 
problems,  so  that  the  student  would  not  be  limited,  in  his  idea 
of  bridges  in  general,  by  the  one  that  he  happened  to  inspect 
first. 

In  the  classroom,  the  first  definite  study  problem  dealt  with 
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a  pony-truss  span,  for  which  were  furnished  the  usual  engi- 
neering detail  drawings  showing  all  dimensions  and  sections. 
Military  necessity  required  that  a  certain  heavy  howitzer  be 
taken  across  the  bridge.  The  question  was  asked:  "Is  the 
bridge,  in  its  present  condition,  safe  for  this  load?"  "With  the 
situation  before  them,  the  students  were  turned  loose  upon  the 
analysis  of  the  problem.  The  next  step,  following  naturally 
from  the  discussion  held  at  the  bridge  site  when  inspecting  the 
structure  in  the  field,  was  to  determine  how  the  structure 
might  fail.  Each  student  was  required  to  use  his  own  ideas 
and  make  a  list  of  possible  sources  of  failure.  These  lists  were 
taken  up  for  general  discussion,  and  from  this  as  a  starting 
point  the  students  were  led  step  by  step  to  investigate  the 
various  members  of  the  structure.  The  necessary  theoretical 
anah'sis  was  introduced  whenever  required.  The  hanger  and 
both  chords  had  purposely  been  designed  too  light,  thus  add- 
ing an  element  of  interest  to  the  search  for  possibilities  of 
failure.  When  the  students  discovered  these  members  to  be 
unsafe,  they  were  asked  to  redesign  them  in  accordance  with 
standard  specifications.  Naturally,  some  phases  of  the  analy- 
sis seemed  too  intricate  for  immediate  treatment  in  the  class ; 
but  these  were  easily  deferred.  For  instance,  in  the  case  of 
the  floor  system,  the  investigation  was  carried  to  the  point 
whv.re  the  worst  positions  of  the  load  were  decided  upon,  and 
sketches  were  made  showing  the  probable  manner  in  which 
the  plauks,  stringers  and  floor  beams  would  break,  but  the  de- 
termination of  the  actual  fiber-stresses  in  these  members  was 
deferred  temporarily  with  the  understanding  that  it  would 
be  gone  into  carefully  in  subsequent  discussions.  However, 
the  class  was  led  to  make  recommendations  concerning  means 
of  strengthening  these  parts  of  the  bridge  in  case  they  were 
found  to  be  unsafe. 

At  every  step  in  the  analysis  of  study  problems,  the  manj- 
possible  assumptions  underlying  the  mathematical  computa- 
tions were  always  discussed  at  length  by  the  class,  and  often 
two  or  more  assumptions  were  taken  as  a  basis  for  mathe- 
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matieal  analysis  before  the  students  were  encouraged  to  make 
final  judgment  concerning  what  appeared  to  be  in  line  with 
the  best  practice.  In  this  manner  the  student  is  made  to  real- 
ize that  engineering  is  not  an  exact  science,  and  the  element  of 
judgment  plays  a  very  important  part  in  all  engineering  prob- 
lems. He  also  starts  his  career  with  a  more  open  mind  and  a 
greater  capacity  for  making  advances  along  new  lines  of  engi- 
neering thought.  He  develops  a  keen  interest  in  engineering 
literature,  especially  current  engineering  periodicals  and 
papers  and  discussions  of  engineering  societies.  Students  are 
not  subject  to  the  limitations  of  a  single  text,  but  find  it  ad- 
vantageous to  refer  to  several.  An  inevitable  result  of  this 
kind  of  training  is  the  tendency  of  the  student  to  rely  more 
and  more  on  his  own  judgment  with  respect  to  making  as- 
sumptions, and  in  all  his  work  the  student  shows  a  greater 
self-reliance  and  an  increasing  desire  to  do  independent 
thinking,  % 

The  chief  purpose  of  the  drill  problems  are  to  furnish  ve- 
hicles for  training,  and  for  fixing  the  use  and  understanding 
of  the  fundamental  principles  firmly  in  the  mind  of  the  stu- 
dent by  well-directed  repetition.  Practically  all  review  work 
had  these  purposes  in  view,  though  it  was  possible  to  use  these 
problems  as  a  means  of  grading  the  students  and  of  giving 
them  their  section  rating.  The  purpose  of  these  problems, 
held  before  the  mind  of  the  student,  is  the  opportunity  to  set 
up  good  habits  of  analysis  and  work,  and  to  increase  by  means 
of  carefully  organized  and  well  executed  computations  and 
sketches,  his  power  to  get  accurate  results  and  develop  speed, 
while  at  the  same  time  each  problem  makes  him  more  at  home 
in  the  use  of  the  necessary  mathematics  and  mechanics.  In 
order  to  aid  in  the  accomplishment  of  these  purposes,  the 
major  problems  were  broken  up  into  a  large  number  of  sub- 
problems  so  that  the  arithmetic  might  be  made  easy  and  so 
that  particular  attention  might  be  directed  to  a  great  variety 
of  special  uses  of  the  fundamental  principles.  In  order  that 
the  student  would  know  how  to  organize  his  work  with  a  view 
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to  the  development  of  speed  and  accuracy  in  execution,  and  as 
an  aid  to  clearness  of  thought,  he  was  required  to  work  in 
accordance  with  a  definite  set  of  specifications  covering  the 
means  whereby  system,  clearness,  and  accuracy  may  be  at- 
tained. He  was  taught  to  recognize  the  importance  of  each 
step  in  the  solution,  as  a  link  in  the  chain  leading  to  a  final 
result,  and  to  surround  his  computations  with  as  many  safe- 
guards and  checks  as  necessity  and  time  permitted.  The  re- 
sult of  this  training  in  the  mechanical  side  of  analysis,  was  to 
increase  tremendously-  the  accuracy''  of  the  work.  The  student 
found  himself  not  only  getting  more  definite  results  but  he 
also  developed  the  power  to  find  and  correct  his  own  errors. 
All  this  tended  to  increase  his  pride  in  his  work  and  to  give 
him  confidence  in  himself ;  while  at  the  same  time  he  was 
forming  good  habits  of  thought  and  work  which  could  be 
transferred  to  his  engineering  practice  later  on.  In  short,  the 
class-room  work  was  made  to  approximate  actual  engineering 
experience  as  closely  as  possible. 

The  results  obtained  make  it  clear  that  a  system  of  instruc- 
tion designed  along  the  lines  sketched  above,  does  decidedly 
aw^aken  and  hold  the  interest  of  the  student  in  the  live  prob- 
lems of  the  engineering  world.  It  does  increase  the  confidence 
with  which  the  student  tackles  a  problem  and  stimulates  his 
self-reliance  and  initiative,  and  at  the  same  time  he  shows 
greatly  increased  industry  and  speed  of  learning.  This  is 
further  accentuated  by  the  fact  that  no  grading  is  done  on 
study  problem  work.  The  student  is  left  free  to  take  chances 
in  doing  independent  thinking.  The  grading  for  purposes  of 
classification  in  sections  is  based  entirely  upon  work  done  on 
drill  problems.  The  student  is  given  to  understand,  however, 
that  the  only  grades  which  effect  his  final  passing  in  the  course 
are  those  determined  in  the  last  four  or  five  weeks  of  work, 
when  nothing  but  review  problems  are  taken  up.  His  desire 
to  work  for  passing  marks  becomes  secondary  and  is  dwarfed 
by  his  desire  to  understand  engineering  theory  in  order  that 
he  can  use  it  in  his  work.    His  career  as  an  engineer  has  begun. 
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This  metliod  of  teaching  mechanics  offers  unusual  oppor- 
tunities for  instructors  to  do  original  work,  by  bringing  in 
new  problems  derived  from  their  own  experience,  and  by 
making  improvements  in  the  methods  of  presentation  and  in- 
struction. During  the  course  at  The  Engineer  School  the 
class-room  instructors  suggested  and  worked  out  several  study 
proDlems  of  great  value  and  they  also  discovered  certain  new 
applications  of  theory  which  greatly  amplified  the  work  in 
some  parts  of  the  subject,  and  extended  the  usefulness  of  cer- 
tain laws.  The  following  officers  were  class-room  instructors 
and  to  them  is  due  great  credit  for  the  success  of  the  course ; 
Majors  O.  O.  Kuentz  and  H.  W.  Sibert,  and  Captains  L. 
Graham,  W.  E.  Duckering,  W.  A.  Lyon.  E.  R.  Hyde  and  G. 
M.  Steese. 


THE  COAST  ARTILLERY  AND  THE  RESERVE 
OFFICERS'  TRAINING  CORPS. 

BY  :majob  habrison  tilghmax, 

Coast  Artillery. 

Mr.  President  and  members  of  Ths  Society  for  the  Pro- 
motion of  Engineering  Education:  Some  several  weeks  ago, 
the  society  through  its  secretary,  Dr.  Bishop,  kiudly  extended 
me  an  invitation  to  attend  this  convention. 

I  had  hoped  that  I  might  come  to  listen  rather  than  to  talk. 
However,  Dr.  Bishop  also  invited  me  to  take  part  in  the  dis- 
cussion and  while  I  feel  some  hesitancy  in  addressing  so  dis- 
tinguished a  gathering.  I  hope  that  as  a  worker  in  the  mutual 
field  my  temerity  will  be  pardoned. 

Colonel  Morrow  has  already  discussed  in  most  interesting 
fashion  the  subject  of  "Military  Training  in  Engineering 
Schools."  and  while  my  own  subject.  ''The  Coast  Artillery 
and  the  Reserve  Oflfieers'  Training  Corps,"  is  more  restricted, 
I  feel  that  I  must  touch,  to  some  extent  at  least,  on  the  more 
general  subject  of  the  Reserve  Officers"  Training  Corps,  its 
reasons  for  being,  and  the  results  expected  from  it. 

There  are  many  theories  of  government,  each  of  which 
when  in  control  of  a  nation,  determines  its  military  policy. 
But  one  policy  makes  for  security  in  peace  and  success  in 
war;  it  is  that  one  which  will  provide  superiority  in  the 
theater  of  operations.  The  "War  Department  is  confronted 
with  the  necessity  of  making  preparations  for  war  with  such 
means  as  the  government  will  supply. 

As  between  men,  so  between  nations:  good  will  is  the  best 
of  assets,  but  potential  strength  receives  deference  during  the 
course  of  argument,  and  superior  strength  gains  the  final 
decision. 

At  the  time  of  the  establishment  of  our  country,  the  Amer- 
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icans  were  a  small  but  homogeneous  people  accustomed  to 
self-government  and  individual  liberty.  So  jealous  were  thej^ 
of  these  rights  that  tlie  eountrj^  itself  was  born  in  resistance 
to  eneroaelnnent  upon  them.  It  is  needless  to  add  that  it  was 
force  and  not  persuasion  which  accomplished  the  happy  out- 
come. It  is  for  us  to  preserve  these  rights.  To  do  so  we 
must  be  prepared  to  use  the  same  means  as  were  successful 
in  their  establishment. 

In  establishing  our  government  our  forefathers  wisely  de- 
cided upon  a  republican  form.  Now  an  intelligent  electorate 
is  the  necessary  foundation  of  a  republic,  for  in  a  republic, 
the  policy  of  the  government  flows  directly  from  the  ability 
of  the  average  elector  to  pass  judgment  upon  the  issue. 
Therefore  the  preservation  and  future  progress  of  our  coun- 
try is  more  completely  determined  by  the  education  of  its 
youth  tlian  by  any  other  factor.  It  is  in  the  hands  of  men 
such  as  those  composing  this  society  that  the  future  of  the 
country  primarily  rests. 

But  one  may  ask,  How  does  all  this  concern  the  Reserve 
Officers'  Training  Corps?  I  answer:  In  two  ways.  .First, 
those  who  would  preserve  their  liberties  must  know  them ;  and 
second,  they  must  be  able  to  protect  them. 

The  R.  0.  T.  C.  exists  to  produce  a  citizenry  of  this  char- 
acter and  foi-  no  other  purpose. 

Although  there  are  many  brilliant  examples  of  success  in 
the  absence  of  a  collegiate  education,  in  general  the  college 
man  is  undoubtedly  the  leader  in  all  lines  and  will  become 
more  and  more  so  as  the  field  of  the  pioneer  in  industry 
becomes  circumscribed,  and  the  general  standard  of  educa- 
tion rises.  We  must  look  to  the  colleges  for  our  leaders  in 
both  peace  and  war. 

Recently  we  have  beheld  the  spectacle  of  this  country  en- 
gaged, in  spite  of  its  own  great  foiibearance,  in  war  against 
an  aggressive  enemy.  Fortune  favored  us  in  that  we  were 
able  to  prepare  for  the  encounter  behind  the  shield  of  the 
Allies.  But  so  unprepared  were  we  when  we  entered  the 
fight  that  more  than  a  year  elapsed  before  we  became  an 
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active  participant.  Those  who  believed  and  preached  that  a 
million  men  would  ^ring  to  the  defense  of  the  country  over- 
night had  their  dream  rudely  shattered.  There  was  neither 
the  arms  to  spring  to,  nor  had  the  men  been  trained  to  do  the 
springing,  ^ililitary  service  is  like  any  other  endeavor. 
Training  must  precede  performance.  And  while  we  trained. 
it  is  no  secret,  that  grave  apprehension  was  felt  than  an  ad- 
verse decision  might  be  reached  in  Europe  before  our  forces 
became  available.  Those  who  were  in  France  during  the 
spring  of  1918  know  this  but  too  well. 

Many  men  strange  to  the  uniform  in  April.  1917.  made 
brilliant  records  as  oflScers  during  the  course  of  the  war. 
bringing  honor  to  themselves,  the  army,  and  their  country. 
But  they  owe  the  opportunity  to  receive  the  necessary  train- 
ing to  the  strong  wall  of  the  Allies. 

Friendships  are  relatively  as  valuable  to  nations  as  they 
are  to  men.  Our  country  has  recently  made  many  and  we 
hope  will  by  all  means  permanently  preserve  them.  But 
neither  nations  nor  men  can  trade  upon,  and  preserve 
friendships. 

Time  is  of  the  essence  in  war,  and  a  successful  military 
fwlicy  cannot  be  based  upon  tardy  preparation.  America 
should  always  be  ready  to  prevent  war  by  readiness  for  it 
and  in  any  alliance  or  league  to  do  her  full  share  from 
the  first. 

The  Reserve  Officers"  Training  Corps  is  a  great  and  very 
necessary  step  in  this  direction.  It  is  a  fitting  thing  that, 
while  preparing  for  his  life's  work,  a  student  should  also  be 
leamine  his  rights,  and  how  to  perform  his  duties  as  a  citizen. 
Xot  the  least  of  his  duties  is  the  protection  of  his  countrj-. 
The  R€serve  Officers'  Training  Corps  will  train  the  student 
so  that  upon  graduation,  he  will  stand  ready  to  take  his  place 
as  a  junior  officer  in  the  army,  and  take  it  immediately. 

Yesterday  Dr.  Goodnow  spoke  of  the  necessity  of  an  edu- 
cation which  will  allow  its  possessors  to  evaluate  correctly — 
perhaps  no  one  is  really  educated  whose  training  has  not 
taken  that  form — ^let  his  specialized  knowledge  be  what  it  will. 
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Let  US  evaluate  correctly.  I  was  much  interested  in  the 
fourth  resolution  presented  to  the  society  by  the  special  com- 
mittee; which  aft^r  rejecting  a  reference  to  courses  which 
will  develop  effective  citizenship,  was  finally  adapted  in  the 
form: 

"That  engineering  students  be  required  to  pursue  courses 
which  will  develop  their  business  and  administrative  qual- 
ities." While  the  rejection  of  reference  to  effective  citizen- 
ship was  based  on  the  ground  that  present  courses  do  make 
for  effective  citizenship ;  has  not  the  society  placed  itself  on 
record  as  liolding  that  while  something  is  now  lacking  in  the 
business  and  administrative  qualities  of  the  graduate,  nothing 
is  lacking  in  his  effective  citizenship?  It  seems  to  me  that 
this  flows  directly  from  the  action,  and  that  the  view  is  false. 

To  quote  from  the  report  of  the  special  committee  ' '  We  are 
apt  to  oppose  a  new  pedagogic  proposition  because  we  feel  it 
will  not  work  well  under  our  o^ti  particular  conditions." 
flight  it  not  be  also  that  lack  of  familiarity  with  just  what  is 
proposed  inay  cause  opposition  ? 

The  'R.  0.  T.  C.  movement  proposes  to  train  a  student  in 
the  full  duties  of  citizenship,  with  a  minimum  of  interference 
with  his  life's  work.  To  do  this  the  unit  will  be  adapted  to 
the  institution  rather  than  the  institution  to  the  unit. 

I  now  find  myself  in  somewhat  of  a  quandary  for  the 
proposition  which  will  be  placed  before  educational  institu- 
tions by  the  War  Department  has  not  been  definitely  estab- 
lished. Tn  general,  it  is  proposed  to  so  place  R.  0.  T.  C. 
units  that  not  more  than  two  branches  of  the  service  will  be 
represented  in  any  institution,  and  so  that  there  will  be  a 
proper  military  distribution  of  the  50,000  reserve  officers 
which  it  is  proposed  to  raise. 

Within  these  limitations,  the  type  of  unit  placed  in  an 
institution  will  be  that  which  the  institution  is  best  fitted  to 
receive.  It  is  further  proposed  to  give  a  basic  course  in  mili- 
tary training  during  the  first  year  and  work  of  increasing 
specialization  during  the  following  years.  All  of  these  pro- 
visions are  undoubtedlv  sound. 
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The  Coast  Artillery  is  that  branch  of  the  military  service 
which  man  the  guns  (both  rifles  and  mortars  of  large  caliber) 
and  submarine  mines  of  our  harbor  defenses.  It  also  mans  the 
larger  guns,  both  tractor  dra\ATi  and  railway  mounted,  which 
accompany  an  array  in  the  field.  Several  other  specialties, 
including  the  trench  mortar  and  anti-aircraft  armament,  are 
manned  by  Coast  Artillery  troops. 

Probably  the  Kailway  Artillery  Reserve.  American  Expe- 
ditionary Forces,  first  commanded  in  action  by  Brigadier 
General  F.  W.  Coe.  now  Major  General  and  Chief  of  Coast 
Artillery ;  and  afterwards  until  the  close  of  the  war  by  Brig- 
adier General  William  Chamberlaine.  now  Commanding  Gen- 
eral. Coast  Artillery  Training  Center.  Fort  Monroe,  Virginia, 
had  the  most  extensive  service  at  the  front  of  any  of  our 
artillery  commands.  Its  guns  Avere  first  in  action  during  the 
winter  of  1917-18  and  thereafter  continuously  until  the  ar- 
mistice. They  were  in  position  from  Alsace  to  the  British 
front  and  served  with  both  the  American  and  French  armies. 
All  units  of  the  Railway  Artillery  Reserve,  excepting  a  Naval 
contingent  which  joined  in  the  summer  of  1918.  were  drawn 
from  the  Coast  Artillery  Corps. 

The  Coast  Artillery  officer  requires  the  general  culture  de- 
manded by  all  arms  of  the  ser\nce.  He  must  also  be  an  engi- 
neer, skilled  primarily  in  the  principles  of  civil,  and  also  in 
those  of  mechanical  and  electrical  engineering.  Therefore, 
the  engineering  student  most  closely  conforms  to  the  require- 
ments for  a  Coast  Artillery  officer  and  Coast  Artillery  in- 
struction is  best  given  in  engineering  institutions. 

With  this  fact  in  mind,  the  Chief  of  Coast  Artillery  has 
already  approved  of  the  establishment  of  twenty  Coast  Artil- 
lery R.  0.  T.  C.  units.  The  lists  will  be  later  extended. 
Units  of  other  branches  of  the  ser\nce  may  or  may  not  exist 
concurrently  with  a  Coast  Artillery  unit. 

At  lea<5t  one  Coast  Artillery  officer  will  be  assigned  to  each 
Coast  Artillery  unit.  He  will  be  supported  by  the  necessary 
commissioned  and  enlisted  assistants,  and  if  he  is  the  senior 
army  officer  present  at  the  institution,  he  will  be  designated 
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as  the  Professor  of  .Military  Science  and  Tactics.  It  is  ex- 
pected that  he  wilL  be  in  every  sense  a  member  of  the  faculty. 

A  course  of  instruction  has  been  designed  for  the  Coast 
Artillery  R  0.  T.  C.  student  so  that  there  may  be  no  inter- 
ference with  his  regular  curriculum. 

Problems,  conforming  to  standard  artillery  practice,  have 
been  prepared  for  use  in  conjunction  with  standard  collegiate 
courses,  (such  as  those  in  physics,  electricity,  and  mathe- 
matics) to  make  clear  the  application  of  the  several  subjects 
to  Coast  Artillery.  These  problems  can  be  easily  used  by  in- 
structors and'  classes  not  familiar  with  military  matters. 

The  scheme  proposed  included  but  one  specialized  course, 
that  in  gunnery.  This  will  be  required  during  two  college 
years  but  will  occupj^  but  few  term  hours.  However,  gun- 
nery itself  is  but  a  study  of  the  movement  of  projectiles  and 
of  the  theory  of  errors.  It  is  therefore  but  a  specialized 
studj^  of  certain  laws  of  mechanics  in  conjunction  with  the 
law  of  probability.  A  thorough  understanding  of  the  latter 
is  so  necessary  to  an  understanding  of  many  engineering 
problems  that  an  engineering  student  should  welcome  any 
instruction  in  it,  supplemental  to  that  which  he  will  normally 
receive. 

Engineering  courses  in  general  contain  a  sufficient  course 
in  surveying  to  meet  the  needs  of  the  Coast  Artillery.  If  in 
a  particular  instance  this  is  not  the  case,  the  officer  in  charge 
of  the  Coast  Artillery  unit  will  be  prepared  to  teach  Orient-a- 
tion  to  such  students  as  may  require  it. 

The  other  subjects,  which  the  Chief  of  Coast  Artillery 
holds  as  prerequisite  to  a  reserve  commission,  are  all  of  a 
general  cultural  character;  mathematics,  through  trigonom- 
etry, phj'sics,  history,  government,  English,  and  the  rudi- 
ments of  one  foreign  language.  Some  of  these  subjects  are 
university  entrance  requirements  and  no  engineering  school 
would  confer  a  degree  upon  a  candidate  less  versed  in  them 
than  the  Coast  Artillery  standard  requires. 

Two  summer  camps,  each  of  six  weeks  duration  must  be 
attended  by  the  student.  These  will  be  periods  of  intensive 
13 
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military  training.  At  them,  the  student  will  become  familiar 
with  the  army  and  its  methods,  take  part  in  and  command 
military  formations,  and  fire  the  guns,  both  artillery  and 
small  arms,  of  which  he  has  studied,  and  which  he  will  man 
in  case  of  war. 

The  law  provides  certain  allowances  for  K.  0.  T.  C.  stu- 
dents. In  order  that  he  may  receive  these,  the  student  must 
pursue  studies  of  a  distinctly  militarj-  value  at  a  prescribed 
rate,  never  in  excess  of  five  hours  per  week.  The  Chief  of 
Coast  Artillery  realizes  that  the  subjects  which  he  considers 
essential  are  by  no  means  the  only  subjects  of  distinctly  mili- 
tary value  and  has  approved  a  list  of  many  other  subjects  of 
this  character.  If  the  student  is  not  pursuing  the  required 
subjects  at  the  rate  prescribed  by  law,  courses  in  the  addi- 
tional subjects  will  meet  the  time  requirement.  Doubtless 
every  engineering  student  will  always  more  than  meet  the 
legal  time  requirement  by  studies  ordinarily  taken  in  the 
course.  It  is  desired  that  his  studies  from  the  list  of  optional 
subject  be  as  extensive  as  possible,  for  each  will  greatly  in- 
crease his  value  to  the  service.  According  to  the  original 
scheme,  now  subject  to  modification,  drill  is  not  required 
during  the  college  year.  However,  physical  training  is  in- 
sisted upon.  The  student  must  either  engage  in  college  ath- 
letics or  take  other  exercises  to  insure  his  physical  develop- 
ment. The  Coast  Artillery  officer  at  the  institution  will  give 
every  assistance  in  this  matter  and  will  conduct  exercises  at 
the  request  of  the  faculty,  but  ordinarily  the  direction  of  this 
work  will  be  under  the  institution's  own  physical  director. 

The  first  of  the  summer  camps  for  the  Coast  Artillery 
R.  0.  T.  C.  will  open  at  Fort  Monroe,  Virginia,  on  the  twenty- 
eighth  of  June  and  will  be  attended  by  students  from  units 
already  established. 

The  schedule  will  be  strenuous  but  interesting,  and  in  addi- 
tion to  woTk,  necessarily  of  a  routine  character,  it  will  in- 
clude a  number  of  lectures  by  specialists  in  their  subjects  and 
visits  to  points  and  things  of  interest  to  the  military'  student. 

The  results  of  the  entire  movement  will  be  twofold;  first, 
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better  citizens  in  peace,  availcible  as  officers  in  the  event  of 
war;  and  second,  added  prestige  and  strength  to  the  nation. 
I  would  leave  with  you  thoughts,  first  that  of  George 
Washington  who  said :  "To  be  prepared  for  war  is  one  of  the 
most  effectual  means  of  preserving  peace.  A  free  people 
ought  to  be  not  only  armed  but  disciplined."  And  finally 
that  of  Mazzani,  triumvir  of  Rome,  and  the  spiritual  force  of 
,the  Italian  resurrection:  "Without  national  education  there 
exists  morally  no  nation.  The  national  conscience  can  not 
be  awakened  except  by  its  aid.  Without  national  education 
common  to  all  citizens,  the  equality  of  civic  duties  and  rights 
is  an  empty  formula." 


THE  SOCIETY  FOR  THE  PROMOTION  OF  ENGI- 
NEERING  EDUCATION.     A    SURVEY    OF   ITS 
PAST  AND  A  RECONNAISSANCE  OF  ITS 
FUTURE. 

BY  GEOEGE  B.  CHATBUEN, 

Past-President,  Professor  of  Applied  Mechanics  and  Mechanical  Design, 
University  of  Nebraska. 

A  quarter  of  a  ceutury  ago  au  impetus  was  given  to  engi- 
neering and  the  industrial  arts  by  the  great  Columbian  Exhi- 
bition held  at  Chicago.  Then  the  new  world,  like  a  fledgling, 
spread  its  wings  for  independent  flight,  and  surprised  itself 
with  a  showing  of  strength  which  until  then  no  one  thought 
it  possessed.  By  a  vigorous  exercise  of  the  indomitable  "I 
will"  which  has  come  to  characterize  the  great  inter-oceanic 
city,  and  with  the  unstinted,  almost  prodigal,  aid  of  ever)' 
part  of  this  vast  nation,  the  products  of  the  genius  of  man 
and  the  bounties  of  nature  were  collected  and  exhibited 
to  thousands  who  in  turn  told  of  them  to  other  thousands 
until  our  whole  people  saw  and  believed  in  their  own  strength. 
They  then  knew,  as  they  before  had  merely  thought,  that  this- 
country  was  not  only  great  in  natural  resources,  but  also  great 
in  achievements.  They  saw,  too,  that  with  the  vast  resources 
so  generously  supplied  by  nature  much  greater  achievements 
might  be  accomplished.  The  past  was  but  an  inspiration  for 
the  future.  The  present  mammoth  industries  were  beginning 
their  era  of  expansion ;  electricity  had  just  started  in  earnest 
its  world  conquering  course,  and  many  of  its  greatest  progeny 
had  not  yet  been  born  ;  the  automobile  was  but  a  frail  infant ;  the 
horseless  carriage  was  so  great  a  noveltj'  that  the  few  sporadic 
designs  drew  crowds  when  they  appeared  on  the  street  and 
were  written  up  by  the  press  under  such  lurid  headlines  as 
"The  Red  Devil  Makes  Another  Appearance";  Chanute  and 

ISO 
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Langlev  were  making  experiments  in  aeronautics,  but  it  was 
many  years  later  before  extended  flight  could  be  sustained  in 
the  atmosphere ;  even  the  telephone  though  in  use  was  not  a 
household  necessity  as  at  present,  while  wireless  telegraphy 
and  telephony  were  unknown  and  unthought.  Thus  might  be 
continued  a  description  of  the  condition  of.  engineering  a 
quarter  of  a  century  ago;  of  engineering  industries  which 
have  since  made  places  in  the  commercial  world  for  a  large 
moiety  of  our  people,  places  that  were  sadly  needed,  for,  prior 
to  that  time  most  of  our  great  railroads  had  already  been  laid 
and  the  land  opened  up  by  them  was  largely  appropriated. 

The  great  exhibition  to  which  reference  has  been  made,  and 
which  encouraged  and  accelerated  the  almost  miraculous  in- 
dustrial evolution  following  it,  planned  numerous  congresses 
on  varjang  subjects;  among  others  a  Congress  of  Engineers. 
The  committee  in  charge  of  this  congress  had  for  its  chairman 
the  late  E.  L.  Corthell  and  for  its  vice-chairman  the  late 
Octave  Chanute,  both  afterwards  members  of  this  Society. 
Mr.  Corthell  being  unavoidably  absent,  the  honor  of  presid- 
ing over  the  congress  fell  to  Mr.  Chanute.  For  convenience 
and  the  congenial  grouping  or  allied  subjects  the  congress 
was  separated  into  divisions:  A,  Civil  Engineering;  B,  Me- 
chanical Engineering;  C,  Mining  Engineering;  D,  Metallurg- 
ical Engineering;  E,  Engineering  Education;  F,  Military 
Engineering;  and  G,  Marine  and  Naval  Engineering.  Of 
Division  E,  Engineering  Education,  Professor  Ira  0.  Baker, 
to  whom  is  given  the  credit  of  suggesting  the  division,  was 
chairman.  The  first  session  of  the  general  congress  was 
scheduled  for  10  o'clock  and  the  first  session  of  the  division 
for  11:30  o'clock,  Monday,  July  31,  1893.  Meetings  were 
also  scheduled  for  Tuesday,  "Wednesday,  Thursday  and  Fri- 
day, following.  The  papers  covered  a  wide  range  and  dis- 
cussed "the  present  state  of  collegiate  engineering  educa- 
tion" and  also  the  "ideal  engineering  education."  "Favor- 
able and  unfavorable  tendencies  in  engineering  education" 
received  attention,  and  there  was  a  "comparison  between 
American  and  European  methods  of  engineering  education." 
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Some  of  the  questions  propounded  have  not  yet  been  settled : 
the  "maximum  and  minimum  mathematics  necessary  to  the 
engineer"  is  a  subject  frequently  touched  upon  in  present- 
day  periodicals  as  well  as  the  "training  of  students  in  tech- 
nical literary  work." 

In  reading  Volume  I  of  the  Proceedings,  one  is  struck  with 
the  breadth  and  intensity  of  the  papers  presented  in  this  first 
meeting,  with  the  vision  and  prescience  of  their  authors  and 
with  the  solidarity  and  practicality  of  their  ideas.  Who  can 
find  fault  with  this  statement  ?  " .  .  .  it  is  a  safe  assumption 
that  even  the  ideal  engineering  education  cannot  be  expected 
to  produce  young  engineers  so  mature  in  the  exercise  of  all 
their  professional  functions  that  nothing  is  left  for  the  years 
of  subsequent  practice  to  accomplish  in  the  direction  of  edu- 
cation. "*  Or  this.  ".  .  .  it  is  the  whole  essence  of  modern 
engineering  practice  so  to  control  and  adopt  the  laws  and 
quantitative  deductions  of  the  ideal  conditions  of  engineering 
physics  as  to  make  them  fit  with  reasonable  accuracy  its  very 
varying  and  complicated  conditions. ' 't  Another  writer  be- 
lieves "...  that  the  attempt  sometimes  made  so  to  educate  a 
young  man  that  he  will  step  from  school  a  practical  engineer 
is  abortive.  "J  This  idea  that  an  engineering  school  does  not 
graduate  engineers  but  men  who  are  better  fitted  by  virtue 
of  their  education  to  become  engineers,  recurs  again  and  again 
in  the  twenty-five  volumes  of  the  Proceedengs.  The  gener- 
ally believed  dictum  that  college  graduates  are  impractical, 
illustrated  by  the  story  of  the  technical  graduate  who  was 
told  early  one  morning  "to  order  sent  one  hundred  feet  of 
chain  capable  of  carrying  ten  tons."  and  who  later  in  the  day 
when  asked  if  he  had  ordered  the  chain  replied,  *Xo.  I  have 
been  figuring  it  out,'  showing  his  several  pages  of  foolscap 
covered  with  figures  as  proof,  when  a  reference  to  a  hand- 

*  ' '  The  Ideal  Engineering  Education, ' '  by  Wm.  H.  Burr,  Proceedings, 
Vol.  1. 

f /bid. 

t '  *  Favorable  and  Unfavorable  Tendencies  in  Engineering  Educa- 
tion," by  Palmer  C.  Rickets.  Proceedings,  Vol.  1. 
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book  or  a  wise  selection  of  a  practical  method  would  have 
given  him  the  size  in  half  a  minute, ' '  caused  many  instructors 
and  schools  to  go  to  the  other  extreme*  So  that  numerous 
writers  thought  it  necessary  to  warn  instructors  of  the  danger 
of  an  ''over-practical"  education.  Training  in  the  funda- 
mental theoretical  principles  is  frequently  advocated.  One 
man  feare  "too  much  time  may  be  given  to  hand  work  and 
not  enough  to  head  work.''f 

This  contest  between  the  theoretical  and  practical  in  engi- 
neering education  continues  throughout  the  history  of  the 
Society  and  we  have  not  yet  seen  the  last  of  it. 

Three  years  before  the  Columbian  Exposition  Prof.  S.  TV. 
Robinson  of  The  Ohio  State  University  "organized  an  asso- 
ciation composed  of  mechanical  engineering  teachers. '"J  On 
Tuesday,  August  1,  1893,  the  second  Clay  of  the  Columbian 
Exposition  Congress  of  Engineers,  "Prof.  S.  W.  Robinson, 
president  of  the  Association  of  Teachers  of  Mechanical  Engi- 
neering explained  the  object  and  organization  of  that  society 
and  in^dted  those  interested  in  engineering  to  meet  his  society 
at  9  a.  m.  Wednesday  morning  to  consider  methods  of  organi- 
zation of  the  engineering  teachers. ' '§  This  seems  to  be  the 
first  recorded  suggestion  for  the  formation  of  a  society  of 
engineering  teachers.  In  the  obituary  of  Prof.  Robinson,  it 
is  stated  that  "his  interest  in  education  was  always  great  and 
led  him  in  1890  to  organize  an  association  composed  of  me- 
chanical engineering  teachers  which  in  1893  developed  into 
the  present  Society  for  the  Promotion  of  Engineering  Edu- 
cation."!] 

Professor  Baker  has  frequently  been  spoken  of  as  the 
father  of  the  Society  for  the  Promotion  of  Engineering  Edu- 

*  See  discussion  by  Prof.  John  Goodman,  Yorkshire  College.  England, 
p.  102,  Vol.  1,  Proceedings. 

t  Palmer  C.  Eickets,  Vol.  1,  Proceedings. 

t  Proceedings,  Vol.  XIX.  p.  511. 

§  Proceedings,  Yol.  1,  p.  8. 

II  Proceedings,  Yol.  XIX,  p.  511. 
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cation.  In  fact,*  it  was  he  who  first  suggested  the  desira- 
bility of  arranging  for  a  meeting  of  engineering  teachers. 
The  president  of  the  congress  auxiliary  ''thought  the  pro- 
posed meeting  should  be  held  in  connection  with  the  Educa- 
tion Congress;  but  Professor  Baker's  views  prevailed,  and 
meetings  on  Engineering  Education  were  arranged  as  Divi- 
sion E  of  the  Engineering  Congress."  And  further,  "on 
the  nomination  of  Professor  Baker,  the  "World's  Congress 
Auxiliary  appointed  a  special  committee  to  arrange  for  the 
meetings  of  Division  E ;  but  the  entire  work  of  arranging  the 
program  and  working  out  the  details  of  the  meeting  fell  to 
Professor  Baker. ' '  A  st-atemeut  is  also  made  that  ' '  the  feel- 
ing was  general  that  a  permanent  organization  of  the  engi- 
neering teachers  should  be  established;  and  in  response  to  a 
vote  to  that  effect,  the  chairman  appointed  a  committee  to 
formulate  plans  for  such  an  organization.  Later  the  com- 
mittee presented  a  constitution  which  was  adopted  and  which 
has  continued  substantially  unchanged  as  the  fundamental 
law  of  the  Society  for  the  Promotion  of  Engineering  Edu- 
cation."! 

But  unfortunately  for  the  statement  the  records  of  Divi- 
sion E,  as  printed  in  the  Proceedings,  do  not  show  the  ap- 
pointment of  such  a  committee  either  before  or  after  Professor 
Robinson  gave  his  invitation.  In  the  minutes  for  Friday,  the 
fifth  day  of  the  meeting,  we  read,  it  was  "voted  that  the  pub- 
lication of  the  papers  presented  before  this  division  of  the 
Congress  be  left  in  the  hands  of  the  divisional  committee  of 
the  Congress  auxiliary  with  power  to  turn  them  over  for  pub- 
lication to  an  organization  of  engineering  education  if  such 
is  effected."  This  minute  occurs  after  the  record  of  the  read- 
ing of  a  paper  by  Professor  Lanza  in  the  discussion  of  which 
Professor  Johnson  said  "that  this  paper  offered  one  of  the 
best  evidences  they  could  have  of  the  necessity  for  and  benefit 
likely  to  come  from  an  organization  of  teachei-s  such  as  h<id 

•Index  to  Vol.  I-XX,  "Origin  of  the  Society,"  p.  3. 
t  Index  Volume,  p.  3. 
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been  effected  that  morning."  At  this  same  session  on  which 
it  had  been  voted  to  turn  over  the  papers  to  an  organization 
'Hf  one  is  effected,"  and  in  which  Professor  Johnson  speaks 
of  one  having  been  ''effected  that  morning,"  Chairman  Baker 
"took  pleasure  in  knowing  that  this  meeting  had  been  the 
occasion  of  the  organization  of  an  Associ<ition  of  Engineering 
Teachers."  On  the  following  day,  the  sixth  of  the  Congress, 
Mr.  C.  Frank  Allen,  secretary  of  Division  E,  made  formal 
report  for  that  division  in  which  he  stated  ' '  that  a  society  had 
been  organized  ly  the  members  of  that  division  for  the  pro- 
motion of  engineering  education."  The  history  seems  clear 
this  far: 

Professor  Ira  0.  Baker  suggested  a  meeting  of  engineering 
teachers  as  a  division  of  the  Congress  of  Engineering  and  pre- 
pared the  program.  As  a  result  of  this  meeting  the  Society 
for  the  Promotion  of  Engineering  Education  ivas  formally 
organized  on  the  forenoon  of  Friday,  August  4,  1893. 

It  is  not  clear  from  the  record  that  Professor  Robinson's 
invitation,  given  on  Tuesday,  August  1,  to  meet  with  the  En- 
gineering Teachers'  Association  Wednesday,  August  2,  had 
no  influence  whatever  upon  the  formation  of  this  organiza- 
tion; however,  the  statement  made  in  the  index  volume*  that 
"in  no  sense  is  this  society  the  outgrowth  or  the  successor  of 
that  organization,"  is  very  probably  correct. 

We  are  told  there  were  about  70  at  the  meetings  of  the  Di- 
vision and  that  63  of  them  became  members  of  the  new  So- 
ciety. Others  were  doubtless  registered  during  the  year,  for 
Vol.  II  of  the  Proceedings  gives  the  names  of  70  persons  with 
the  year  1893  as  the  date  of  membership.  Considering  these 
70  as  the  charter  roll,  there  are  according  to  the  1918  Year 
Book  35  of  them  still  members  of  the  Society,  and  14  more 
remained  members  until  death  overtook  them.  This  is  a  re- 
markable percentage  after  twenty-five  full  years  have  elapsed 
and  shows  in  itself  the  worth  and  character  of  the  Society  to 
its  members. 

*  Index  Volume  I-XX,  p.  4. 
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Growth  of  Membership. 

You  are  all  familiar  with  the  history  of  the  growth  in  mem- 
bership. The  yearbooks  for  some  time  have  contained  a 
schedule  showing  that  growth.  It  is  not  probable  that  it  may- 
continue  indefinitely,  for  a  large  percentage  of  all  engineering 
instructors  in  the  United  States  are  already  members.  So 
that  from  now  on  we  can  only  expect  to  maintain  a  member- 
ship about  as  large  as  at  present,  with  possibly  a  slow  rate  of 
increase  as  the  engineering  instructors  in  the  schools  increase, 
and  practitioners  take  sufficient  interest  to  maintain  member- 
ships. The  table  and  graph  of  membership,  distributed  into 
the  geographical  divisions  used  by  the  United  States  Commis- 
sioner of  Education,  shows  the  membership  of  the  North  At- 
lantic and  the  North  Central  Divisions  to  have  remained 
remarkably  equal  until  the  last  three  years  when  the  North 
Central  has  fallen  off  somewhat.  The  South  Atlantic  and 
South  Central  remained  practically  equal,  increasing  slightly 
during  the  last  half  of  the  quarter-century.  The  AVestern 
Division  shows  a  slow  increase.  In  percentages  the  North 
Atlantic  Division  remained  practically  constant  at  about  two 
fifths  of  the  membership.  The  North  Central  Division,  start- 
ing at  one  third,  got  up  to  42  per  cent.,  but  has  dropped  back 
to  the  original  basis.  The  Southern  and  "Western  Divisions 
show  increases  in  percentage  in  later  years. 

Center  of  Membership. 

The  center  of  membership  of  those  within  the  United  States 
exclusive  of  detached  possessions  is  approximately  on  the 
state  line  between  Ohio  and  Indiana,  just  a  little  south  of  the 
city  of  Decatur,  Indiana,  that  is,  about  140  miles  northeast 
of  the  center  of  population  of  the  United  States,  which  the 
Census  Bureau  places  at  Bloomington,  Indiana.  In  1893,  the 
center  of  membership  was  about  forty  miles  north  of  Colum- 
bus, Ohio.  It  moved  northwest  and  then  southwest  to  its 
present  location.  (Fig.  8b.)  If  the  center  of  membership 
ought  to  agree  with  the  center  of  population,  the  inference 
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is  that  the  schools  of  the  T\'est  and  South  have  not  quite  kept 
up  with  those  of  the  East  and  North. 

The  meridian  of  82°  will  approximately  divide  the  mem- 
bership equally;  the  parallel  of  -AOio"  will  also  approximately 
divide  it  equally.  The  median  point  of  membership,  there- 
fore, lies  approximately  at  the  intersection  of  these  two  lines, 
which  is  near  Mansfield,  Ohio. 

A  circle  with  a  radius  of  350  miles  having  its  center  at  Har- 
risburg.  Pa.,  will  enclose  more  than  53  per  cent,  of  all  the 
members. 

Publications  of  the  Society. 

Twenty-five  volumes  of  the  Proceedings  and  one  index  vol- 
ume have  been  issued.  These,  excluding  the  explanatory  part 
at  the  beginning  of  each  volume,  contain  9420  pages. 

TABLE  III. 

Number  of  Pages  in  the  Proceedings  of  the  Society  for  the  Promotion  of 
Engineering  Education. 

^'ol.              I    8  +  342 

II    6  -f-  291 

III    20  +  402 

IV    22  -f  362 

V    22  +  337 

VI  27  -f  324 

VII  27  -f  193 

VIII  28  +  377 

IX  28  -f  348 

X  32  -f  300 

XI  36  -f  379 

XII  40  -f  253 

XIII  40  +  324 

XIV  48  +  300 

XV  57  +  690 

XAT    70  -f  414 

X\T:I 72  +  244 

XVIII    16  +  457 

XIX    20  -f  522 

XX   Part  1 1  -f  226 

XX   Part  II 22  +  508 

14 
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XXI  25  +  450 

XXII 33  +  374 

XXIII  26  +  423 

XXIV  20  +  346 

XXV  18  +  250 

Index  (I-XX)    ~  "84 

9;420 

In  June,  1910,  the  council  ordered  the  publication  of  the 
Bulletin  as  an  experiment.  This  proved  so  popular  that 
the  dues  were  raised  the  next  year  to  four  dollars,  one  of 
which  was  applied  as  a  subscription  to  the  Bulletin.  In 
1916  the  name  of  the  Bulletin  was  changed  to  "Engineering 
Education."  Formerly  the  membership  list,  geographical 
distribution,  statistics  of  membership,  and  other  information 
was  published  as  part  of  the  proceedings.  This  has  proven 
extremely  valuable  to  one  who  is  looking  up  the  history  of  the 
organization.  But  the  matter  grew  until  over  70  pages  were 
required.  So  a  separate  book,  which  is  in  reality  one  number 
of  the  Bulletin,  is  now  devoted  to  this  information,  and  re- 
quires about  100  pages. 

The  Bulletin  or  rather  the  periodical,  ''Engineering  Edu- 
cation," has  now  offered  to  it  more  papers  than  it  can  find 
room  for.  This  in  itself  is  an  excellent  thing  for  only  the 
best  need  be  published.  And  authors  seeing  their  work  in 
"Engineering  Education"  may  know  that  it  has  passed  the 
careful  scrutiny  of  the  publication  committee  and  by  them 
been  termed  good. 

The  Secretary's  Office. 

The  work  of  this  office,  heavy  from  the  beginning,  became 
more  and  more  extensive  until  there  came  a  demand  for  a  per- 
manent paid  secretary.  At  the  Minneapolis  meeting  in  1913, 
the  Council  recommended  "that  the  Society  take  steps  neces- 
sary to  render  the  Secretaryship  permanent";  and  also  "that 
the  retiring  and  incoming  presidents  and  the  treasurer  be 
appointed  a  committee  to  consider  and  report   ...    as  to 
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whether  the  Secretary  of  the  Society  should  necessarily  be 
in  the  active  work  of  teaching,  and  second  to  find  a  suitable 
man  who  will  accept  the  position  of  permanent  Secretary  of 
the  Society  beginning  in  1914."  Nothing  seems  to  have  been 
done  with  this.  Possibly  the  Society  thought  that  as  long  as 
it  could  secure  efficient  secretaries  from  its  own  membership 
there  is  no  need  for  other  action.  It  appears  from  the  ex- 
pense accounts  that  the  first  honorarium  received  by  the  Sec- 
retary was  reported  in  the  proceedings  of  1901 ;  the  amount 
$50.  In  1905,  it  had  raised  to  $100;  in  1908,  $250;  in  1911, 
$400,  together  with  an  allowance  for  editing  the  Bulletin 
of  $350;  in  1913,  the  budget  shows  an  honorarium  for  $1,000; 
in  1916,  there  was  added  an  honorarium  for  an  assistant  Sec- 
retary^ of  $600.     Clerical  assistance  was  likewise  allowed. 

The  work  of  the  office  has  grown  faster  than  the  increase 
in  membership.  At  first  the  Secretary  had  to  look  after  the 
annual  meeting  and  the  printing  of  the  Proceedings;  now, 
there  is  in  addition  to  this,  which,  in  itself,  has  increased  2,000 
per  cent.,  the  preparation  and  editing  of  the  Bulletin  and 
much  of  the  financial  business  pertaining  thereto  to  look 
after. 

The  Treasurer  's  Office. 

The  present  Treasurer,  Mr.  W.  0.  Wiley,  has  thoroughly 
systematized  the  work  of  that  office.  His  report  (1914  Pro- 
ceedings) states  that  the  accounts  are  kept  according  to  the 
following  schedules  which  are  on  file  for  reference  by  mem- 
bers at  this  office:  "(A)  Back  dues,  {B)  Current  dues,  {C) 
Accounts  receivable  for  advertising  and  publications  from 
members  and  non-members,  (D)  Members  paid  in  advance, 
{E)  Due  non-members,  {F)  Printing  (sundry.  Bulletin, 
Proceedings  and  reprints),  drawing  and  engraving  and  edi- 
tor's salary,  {G)  Inventory  of  Proceedings,  Bulletin  and 
reprints,  {H  and  7)  Expenses  of  meetings,  (J)  General  ex- 
penses, such  as  postage  of  all  kinds,  telegrams,  advertising  of 
publications,  expressage  and  freight,  clerical  assistance,  in- 
surance, committee  expenses.  Secretary's  salary,  etc.,  {K)  Ex- 
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penses  of  the  Treasurer's  office."'     The  expense  to  the  Society 
of  the  office  is  now  approximately  $300  per  year. 

Classeficatiox  of  Published  Papers. 

Dean  Fletcher  in  his  presidential  address  in  1903  classified 
the  papers  and  committee  reports  in  the  first  nine  volumes  of 
the  Proceedings  into  two  major  and  several  minor  classes  ac- 
cording to  the  following  schedule : 

A.  Those  treating  of  general  topics,  affecting  our  policy  in 

the  large. 

1.  Engineering  education  in  the  ideal,  general  policy, 

education  vs.  culture,  electives.  etc. 

2.  Instruction  in  general,  management  research,  theses, 

etc. 

3.  Equipment  as  to  general  features.     (School  Archi- 

tecture.) 

4.  Graduation  and  degrees. 

5.  Historical,  comparative  tendencies,  etc. 
(6.  Miscellaneous.) 

B.  Those  relating  to  details  and  special  methods,  qualifica- 

tions, etc 

1.  Papers  and  reports  relating  to  teaching  in  special 

departments,  methods  and  details. 

2.  Those  relating  to  apparatus  and  equipment  for  spe- 

cific purposes. 

3.  Those  relating  to  preparatory  studies,  conditions, 

of  admissions  and  auxiliary  branches. 
(4.  Miscellaneous.)* 
For  comparison  the  writer  has  tried  to  follow  out  this  classi- 
fication with  24  volumes,  using  Dean  Fletcher's  work  for  the 
first  nine  volumes. 

The  results  are  given  in  tabular  form.  They  show  remark- 
able similarity  considering  the  fact  that  different  persons 
made  the  classifications  and  that  very  frequently  it  was  diffi- 
cult to  say  in  which  of  two  classes  a  paper  should  be  classified. 

•  Items  in  parentheses  have  been  added  br  the  writer. 
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In  late  years  there  seems  to  have  been  a  tendency  from  the 
more  .general  subjects  A  to  the  more  specialized  subjects  B. 

TABLE  IV. 
Classification  of  Published  Papers. 


Sub-class. 

Number  of 

Papers. 

Percentage  of  Whole. 

9  Volumes. 

24  Volumes. 

9  Volumes.           24  Volumes. 

A 

1 

31 

79 

16 

13 

2 

20 

129 

11 

21 

3 

o 

25 

3 

4 

4 

8 

20 

4 

r^       3 

Us 

5 

18 

42 

10 

7 

B 

6 

o 

31 

3 

5 

1 

59          j 

222 

311 

i       36 

2 

14          1 

26 

7 

-o       '         4 

3 

24 

29 

13 

'^                5 

>47 

4 

3 

9 

2 

2, 

Total .  . 

187 

612         1 

100                    100 

A  was  largely  increased  during  the  last  few  years  because  of 
so  many  papers  relating  to  management  and  efficiency.  B 
was  large  during  the  early  history  of  the  society  because  ''en- 
trance requirements"  was  then  a  very  popular  subject. 

Entrance  Requirements. 
During  the  first  few  years  of  the  existence  of  the  Society 
considerable  effort  was  made  to  standardize  the  entrance  re- 
quirements of  engineering  colleges.     A  committee  with  Pro- 
fessor  Tyler,   of  Massachusetts   Institute   of   Technology  as 
chairman,  worked  for  several  years  on  the  subject  and  pre- 
.sented  a  final  report  in  1901.     DuriDg  this  same  period  other 
organizations  were  engaged  along  the  same  lines;  especially 
may  be  mentioned  the  work  of  the  National  Educational  As- 
sociation.    The  National  Educational  Association  proposed  a 
scheme  of  points  or  weighted  subjects  which  appeared  so  sim- 
ple that  practically  all  the  first-class  colleges  in  the  country 
have  adopted  it.     To  say,  however,  that  because  the  N.  E   A 
plan  was  the  one  finally  adopted,  the  work  of  this  association 


198  THE    SOCIETY    FOR    THE 

was  non-effective,  would  not  be  a  fact,  for  engineering  schools 
up  to  1893  had  maintained,  almost  uniformly,  lower  entrance 
requirements  than  the  academic  colleges. 

Kensselaer  offered  its  first  engineering  course  in  1835.  grad- 
uating its  first  engineers  in  1840.  A  prepared  notice,*  dated 
October  14,  1835,  states  the  requirements  thus : 

"Candidates  are  admitted  to  the  Institute  who  have  a  good  knowl- 
edge of  arithmetic  and  can  understand  good  authors  readOy,  and  can 
compose  with  considerable  facility." 

The  Lawrence  Scientific  School,  which  was  the  third  engi- 
neering school  (not  counting  TVest  Point  and  one  or  two  pri- 
vate militar\-  schools)  to  offer  work  in  engineering,  in  1848 
had  these  requirements,  they  being  much  lower  than  for  other 
departments  of  Harvard  College  :t 

"Candidates  for  admission  must  have  attained  the  age  of  18  years, 
must  have  received  a  good  common  English  education,  and  must  be 
qualified  to  pursue  to  advantage  the  courses  of  study  to  which  they  pro- 
pose to  give  their  attention. ' ' 

It  might  be  interesting  to  follow  the  history  of  engineering- 
school  entrance  requirements,  but  time  will  not  permit.  How- 
ever, by  1865,  when  the  Massachusetts  Institute  of  Technologj* 
-was  founded  .they  had  advanced  very  materially.  Some  com- 
plaint was  offered  to  the  low  requirements  of  the  M.  I.  T. 
compared  with  the  Rensselaer  which  had  developed  wonder- 
fully and  was  considered  to  be  at  this  time  the  leading  engi- 
neering school  of  the  countn.'.  And  probably  had  it  not  been 
for  the  peculiar  genius  of  William  B.  Rogers  the  M.  I.  T. 
would  have  remained  an  inferior  school  and  never  have 
reached  the  standing  it  soon  attained. 

It  was  largely  because  of  the  lower  entrance  requirements 
and  the  consequently  lower  standing  of  the  graduates  that 
engineering  schools  were  considered  inferior  to  the  classical 
colleges.  Consequently  the  S.  P.  E.  E.  at  its  very  inception 
did  a  wise  thing  to  discuss  so  carefully  the  question  of  en- 

*  Photographic  reproduction  in  Eng.  Xeics  of  April  21,  1892. 
t  Engineering  Xeurs,  May  19,  1892,  p.  514 
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trance  requirements.  This  discussion  and  the  reports  sub- 
mitted no  doubt  assisted  in  molding  opinion  and  establishing 
the  higher  grade  of  entrance  requirements  for  engineering 
schools.  The  higher  entrance  requirements  made  it  possible 
to  adopt  a  curriculum  of  substantial  studies  and  thus  in  every 
particular  to  place  the  engineering  college  on  a  par  with  the 
academic. 

The  Course  of  Study. 

The  earliest  engineering  schools  did  not  pretend  to  be  col- 
leges in  the  sense  of  the  traditional  institutions.  Eensselaer 
in  the  same  notice  previously  quoted  from  states : 

One  rear  is  sufficient  for  obtaining  the  Eensselaer  degree  of  Bax?helor 
of  Natural  Science,  or  of  Civil  Engineer,  for  a  candidate  who  is  well 
prepared  to  enter.  Graduates  of  colleges  may  succeed  by  close  appli- 
cation during  the  twenty-four  weeks  in  the  sununer  term. 

The  degree  of  Master  of  Arts  is  conferred  after  two  years  of  practical 
application. 

Some  of  our  older  men  have  recently  in  the  periodicals 
extolled  the  old  time  education  as  more  thorough  than  the 
present.  Evidently,  they  are  looking  backward  through  the 
telescope  of  age.  for  certainly  no  one  will  contend  that  a  mod- 
ern engineer  can  be  trained  in  24  weeks.  Nevertheless,  it 
might  be  interesting  to  see  what  the  student  was  expected  to 
get  in  this  year  of  study : 

Students  in  the  engineering  corps  are  instructed  as  follows : 
Eight  weeks,  in  learning  the  use  of  instruments;  as  compass,  chain, 
scale  sextant,  barometer,  hydrometer,  pluviometer,  thermometer,  telescope, 
microscope,  etc.,  with  their  applications  to  surveying,  protracting,  level- 
ing, calculating,  excavations  and  embankments,  taking  heights  and  dis- 
tances, specific  gravity  and  weight  of  liquids,  degrees  of  moisture,  storms, 
temperature,  latitude  and  longitude  by  lunar  observations  and  eclipses. 
Eight  weeks,  mechanical  powers,  circles,  conic  sections,  construction  of 
bridges,  arches,  piers,  raiiroads,  canals,  running  circles  for  raUwavs,  cor- 
recting the  errors  of  long  levels,  caused  by  refraction  and  earth's  con- 
vexity, calculating  the  height  of  the  atmosphere  by  twilight,  and  its 
whole  weight  on  any  given  portion  of  the  earth,  its  pressure  on  hills  and 
in  valleys  as  affecting  the  heights  for  fixing  the  lower  valve  of  a  pump; 
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in  calculating  the  moon's  distance  by  its  horizontal  parallax,  and  the 
distances  of  planets  by  proportionals  of  cubes  of  times  to  squares  of 
distances. 

Four  weeks,  in  calculating  the  quantity  of  water  per  second,  etc.,  sup- 
plied by  streams  as  feeders  for  canals,  or  by  turning  machinery;  in  cal- 
culating the  velocity  and  quantity  effused  per  second,  etc.,  from  flumes 
and  various  vessels,  under  various  heads;  the  result  of  various  accele- 
rating and  retarding  forces  of  water  flowing  in  open  raceways  and  pipes 
of  waterworks,  and  in  numerous  miscellaneous  calculations  respecting 
hydrostatics  and  hydrodynamics. 

Four  weeks,  study  the  effect  of  steam  and  inspect  it5  various  appli- 
cations— inspect  the  principal  mills,  factories,  and  other  machinery  or 
works  which  come  within  the  province  of  mathematical  arts;  also  study 
as  much  geology  as  may  be  required  for  judging  of  rocks  and  earth 
concerned  in  construction. 

If  these  items  be  taken  seriatim  it  required  just  twenty-four 
weeks,  the  length  of  the  summer  term,  in  which  a  college  grad- 
uate might  complete  the  course.  And  for  all  this  was 
charged : 

Fees  for  instruction,  including  all  lectures,  experiments,  etc.;  also  for 
use  of  instruments,  apparatus,  library  and  spiecimens,  $4.00  for  each  sub- 
term  of  four  weeks. 

Modern  publicity  men  might  take  a  lesson  from  the  closing 
paragraph  of  this  notice, — 

Gentlemen  wishing  to  learn  the  outline  of  the  terms  of  the  Rensselaer 
Institute,  are  requested  to  pay  postage  on  their  letters;  and  they  will 
receive  this  printed  notice.  I  will  state  that  I  paid  $54.28  in  one  year 
in  postage  for  letters  on  other's  business:  some  for  our  school  course, 
more  for  advice  about  mines,  minerals,  and  visionary  products. 

CmL.  War  Ushers  in  New  Era  in  Engineering  Education. 

During  the  next  twenty-  years  some  five  niore  engineering 
schools  were  established  with  a  general  enlargement  of  the 
curriculum.  Then  came  the  Civil  "War  and  the  beginning  of 
a  new  era  in  engineering  education.  By  1890  the  civil  and 
mechanical  engineering  coiirses  of  study  had  become  almost 
fully  developed.  • 

The  U.  S.  Department  of  Education  Report  for  1889-1890 
gives  this  as  the  usual  civil  engineering  courses  at  that  time : 
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First  Year. 

1st  Term — Algebra  and  Trigonometry,  Chemistry  (Lectures)  Chemistry 
(Laboratory),  Rhetoric,  French,  Mechanical  Drawing. 

2d  Term — Analytical  Geometry,  Chemistry  (Lectures  and  Laboratory), 
English  Literature,  French,  Descriptive,  Geometry  and  Drawing. 

Second  Year. 

1st  Term — Surveying,  Analytical  Geometry,  Descriptive  Geometry,  Phys- 
ics  (Lectures  and  Recitations),  German,  French,  Drawing. 

2d  Term — Surveying  and  Leveling,  Calculus,  Shades,  Shadows  and  Per- 
spective, Physics  (Lectures  and  Recitations),  French,  German, 
Drawing. 

Third  Year. 

1st  Term — Railroad  Engineering,  Strength  of  Materials,  Mechanics,  Phys- 
ics (Lectures  and  Laboratory),  Stereotomy,  German,  Geology. 

2d  Term — Railroad  Engineering,  Mechanics,  Machine  Drawing,  Stabil- 
ity of  Structures,  Physics  (Lectures  and  Laboratory),  Stereotomy, 
German  Geology. 

Fourth  Year. 

1st  Term — Astronomy,  Graphical  Statics,  Steam  Engine,  Hydraulic  Engi- 
neering, Roof,  and  Bridges,  Architecture. 

2d  Term — Engineering  Construction,  Details  of  Practice  and  Design, 
Specifications  and  Contracts,  Sanitary  Engineering,  Geodesy,  Thesis. 

It  will  be  noticed  that  modern  languages  is  given  a  much 
more  prominent  part  in  this  curriculum  than  in  the  present- 
day  curricula ;  the  same  may  be  said  of  drawing. 

Other  subjects  which  were  then  required  have  been  either 
abandoned  or  relegated  to  the  elective  list.  The  crowding 
out  of  general  and  cultural  subjects  by  the  technical  is  per- 
haps more  evident  in  mechanical  and  mining  engineering 
courses  than  in  the  civil. 

Five-  and  Six- Year  Courses. 

As  new  discoveries  were  made  and  new  inventions  and  new 
industrial  methods  developed,  courses  based  upon  them  were 
crowded  into  the  curriculum,  and  the  languages  and  other  non- 
technical subjects  were  forced  out.     When  it  became  impos- 
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sible  to  accommodate  all  these  things  men  who  saw  whither 
we  were  tending  tried  to  save  the  broadening  and  cultural 
features  of  the  older  curricula  by  advocating  five-  and  six- 
year  courses.     But  the  four-year  college  period  had  become 

TABLE  V. 

Shotcing  the  Distribution  of  Student's  Time  in  Average  Courses  in  1892 

and  Courses  Suggested  hy  the  Committee  on  Gradu<jtion 

Eequirements. 


Mining. 


1S92.»     Com.t      1892.*      Com.t      1S92.*      Com.t 


Algebra  and  Geomety 
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Phjsics  and  Thermodj-namics  . . . 
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Biologj- 
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Machines 

Power 
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Railroad  Engineering 
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Mechanical  Engineering 

Electrical  Engineering 

Chemical  Engineering 
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Ore  Dressing 

Architecture 

Social  and  Political  Sciences 

Shop  Work 
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750 
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70 

75 
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75 
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50 
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30 
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70 
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500 
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500 
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500 
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630  1,000 

450  500 

350  500 

l,ObO  500 

40  50 

920  500 

3S0  500 

250  250 

100  100 
75 
350 

540  400 


130'  150 
120  150 
150 
150 
600 
425 

150 

200 
500 


Total I  7.200  !  7.200    7.200  '  7.200     7.200  ;  7.200 

*  Computed  from  data  given  in  Engineering  Netcs. 

t  Suggestion  of  Committee  on  Graduation  Eequirements. 

♦  Required  for  admission. 

§  Hours  of  student 's  time — study,  recitation  and  laboratory.  Five 
hundred  hours  represent,  practically,  one  exercise  each  week  for  an  aver- 
age school  year. 


PBOMOTIOX    OF    EXGIXEEEIXG   EDUCATIOX.  203 

SO  firmly  established  as  the  time  necessary  to  secure  a  college 
education  that  the  extended  courses  did  not  prove  popular. 

The  Proceedings  show  a  great  many  papers  dealing  with 
various  phases  of  the  courses  of  study,  some  of  them  very 
carefully  worked  out.  In  1904,  a  committee  reported  very 
fully  on  the  minimum  requirements.  This  report  was  dis- 
cussed at  length  the  next  year  and  some  revisions  made. 
With  very  few  modifications,  and  they  toward  the  line  of  the 
more  technical,  these  may  stand  for  the  present  engineering 
curricula  in  civil,  electrical,  mechanical  and  mining  engi- 
neering. 

For  the  purpose  of  comparison  the  requirements  recom- 
mended by  the  committee  are  placed  in  parallel  columns  with 
the  average  requirements  of  1892  as  computed  from  data  in 
the  Engineering  News* 

While  this  comparison  is  made  with  the  ideal  courses  sug- 
gested by  the  committee  some  thirteen  years  ago  it  shows  that 
even  at  that  time  there  was  a  filling  up  of  the  courses  with 
purely  technical  subjects.  The  fundamental  subjects  of 
mathematics,  physics  and  mechanics  have  about  held  their 
own.  Algebra  and  geometry,  formerly  given  the  colleges,  is 
now  required  for  entrance.  Thesis  work  has  been  dispensed 
with  very  largely  and  in  only  a  few  schools  is  it  still  retained 
as  a  required  subject.  So  many  courses  are  now  offered  that 
the  elective  system  is  necessary;  the  student  thus  having  a 
choice  among  many  purely  technical  subjects  leading  to  spe- 
cialized lines  of  engineering  work. 

Many  writers  throughout  the  proceedings  complain  of  the 
crowding  of  the  curriculum  and  Dean  Anthony  in  his  presi- 
dential addressf  seems  to  see  the  light  of  the  dawn  of  a  new 
day,  for  he  says. 

The  educational  pendulum  has  now  reached  its  extreme  oscillation 
toward  vocational  education  and  is  about  returning  toward  that  point 

*  A  series  of  articles  on  Engineering  Schools  in  the  United  States,  by 
the  Editor;  Engineering  News,  Vol.  XXYII,  p.  277,  to  Vol.  XXIX, 
p.  138. 

t  Proceedings,  Vol.  XXII,  p.  33. 
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which  should  mark  a  greater  unity  in  the  objects  of  education  regard- 
less of  the  diversity  of  paths  which  must  ever  tend  to  become  more  di- 
vergent. 

Committees  on  Uniformity  of  Symbols  for  Engineering 
Text-books,  and  on  Standardization  of  Technical 

Nomenclature. 
This  committee  was  raised  in  1905  and  after  two  years  of 
good  work  was  discharged  and  a  new  committee  appointed. 
The  new  committee  reports  unfavorable  to  any  action  being 
taken  at  that  time.  In  1913,  a  committee  was  appointed  to 
standardize  technical  nomenclature.  A  suggestion  was  made 
at  the  Iowa  meeting  that  this  committee  investigate  the  mat- 
ter of  symbols.  So  in  addition  to  the  work  on  technical  no- 
menclature, or  as  a  branch  of  it,  the  committee  is  studying 
"symbols."  There  is  no  doubt  but  that  some  standardization 
of  symbols  is  justifiable.  Standardization  comes  as  a  matter 
of  course  after  a  time,  and  if  the  committee  can  only  collect 
data  showing  which  of  the  symbols  are  gaining  preference, 
they  will  be  doing  a  good  work. 

Committee  on  Industrial  Education. 

This  committee  was  appointed  in  1899  and  made  several 
excellent  reports.  Definite  industrial  education  as  that ' '  which 
specifically  fits  one  for  an  industrial  vocation  or  profession," 
they  outline  a  general  scheme  for  the  clas.sification  of  schools 
into:  1.  Private  Manual  Training  Schools;  2.  Manual  Train- 
ing and  Art  Public  Schools ;  3.  State  Agricultural  and  Me- 
chanical Colleges;  4.  Higher  Engineering  Colleges;  5.  Mone- 
technic  or  Trade  Schools;  6.  Supplementary,  Schools  for  In- 
dustrial Workers;  7.  Higher  Colleges  of  Commerce.* 

The  preliminary  report  of  this  committee,  in  which  the 
classification  scheme  occurs,  together  with  several  papers  by 
members  of  the  committee  and  others  called  out  by  the  work 
of  the  committee  constitute  valuable  contributions  to  the  his- 

*  Preliminary  Report  of  the  Committee  on  Industrial  Education,  Fro- 
ceedings,  Vol.  VIII. 
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tory  and  growth  of  industrial  education  in  this  country,  and 
no  doubt  had  its  influence,  with  other  agencies,  in  accelerating 
the  adoption  of  vocational  training  in  the  public  schools  of 
the  larger  cities  of  the  country. 

Committee  on  Statistics  op  Engineering  Education, 

The  statistics  of  engineering  education  are  extremely  im- 
portant to  any  one  who  desires  to  study  the  history  of  the  sub- 
ject. And  until  one  goes  into  the  matter  he  cannot  realize 
the  dearth  of  such  statistics.  The  work  of  the  committee  has 
usually  been  an  effort  to  supplement  statistics  prepared  by 
the  office  of  the  United  States  Commissioner  of  Education. 
The  labors  of  the  committee  have  been  well  worth  while. 
Though  the  influence  of  the  committee  and  this  Society  has 
been  instrumental  in  bettering  the  arrangement  and  classifi- 
cation of  the  statistics  published  by  the  U.  S.  Commission, 
there  still  remains  much  to  be  done  in  this  line,  and  it  would 
seem  as  though  the  best  results  might  be  obtained  all  around 
if  the  committee  would  persuade  the  commission  so  to  arrange 
its  collections  as  to  separate  the  statistics  of  engineering  stu- 
dents from  those  of  other  colleges.  From  the  reports  of  the 
commission  it  is  impossible  to  obtain  even  the  number  of  stu- 
dents in  the  United  States  pursuing  a  technical  engineering 
course.  In  the  last  volume  of  the  Proceedings  (XXIV)  the 
committee  publishes  an  extremely  interesting  compilation 
which  it  has  secured  from  the  Bureau  of  Education.  But 
this  sort  of  data  ought  to  be  a  regular  part  of  the  commis- 
sioner's annual  report  and  we  should  not  have  to  ask  for  it. 

History  and  Biography  of  Engineering  Education. 

Dr.  Waddell,  a  number  of  years  ago,  suggested  a  commit- 
tee on  the  subject  of  history  and  biography.  A  committee 
was  appointed  to  consider  the  subject,  and  after  due  delibera- 
tion in  1905  reported  in  effect:  (1)  That  we  urge  members  to 
prepare  and  present  for  publication  historical  and  biograph- 
ical articles;  (2)  That  we  urge  members  to  make  indices  of  all 
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such  articles  coming  within  their  knowledge  and  present  them 
for  publication;  (3)  Recommends  that  the  program  commit- 
tee secure  one  or  more  papers  each  year  of  a  historical  or 
biographical  nature;  (4)  Asks  that  the  Council  consider  the 
advisability  of  offering  prizes  for  such  papers.  The  com- 
mittee was  discharged  and  nothing  definite  along  this  line  has 
since  been  done.  It  would  seem  as  though  this  work  might 
once  more  be  inaugurated,  but  instead  of  trying  to  write  a 
definite  history  of  engineering  education  the  committee  should 
begin  by  thoroughly  indexing  everything  of  a  historical  na- 
ture that  has  been  published  in  our  own  proceedings.  This 
would  be  sufficient  for  one  year,  and  if  a  committee  of  six 
were  at  work  require  each  member  to  read  and  index  four 
volumes,  which  would  not  be  burdensome.  A  second  year 
they  might  begin  with  the  oldest  of  our  engineering  period- 
icals ;  and  follow  these  in  succeeding  years  until  all  had  been 
covered.  Then,  by  use  of  Pool's  and  other  indexes,  cover  the 
non-engineering  periodicals.  So  the  work  might  continue  for 
many  years,  or  some  one  may  be  able  to  suggest  a  better  plan. 

Committee  on  the  Teaching  of  Mathematics  to  Students 
OF  Engineering.* 

The  committee  through  its  chairman,  Dr.  E.  V.  Huntington, 
reported  in  1909,  1910,  and  1911.  They  submitted  a  very 
complete  set  of  syllabit  covering  the  subjects  of  algebra, 
geometry  and  mensuration,  plane  trigonometry-,  analytical 
geometry,  differential  and  integral  calculus,  and  complex 
quantities. 

*  ' '  The  committee  was  appointed  at  a  joint  meeting  of  mathematicians 
and  engineers  held  in  Chicago,  December  30-31,  1897,  under  the  auspices 
of  the  Chicago  Section  of  the  American  Mathematical  Society,  and  Sec- 
tion A  and  D  of  the  American  Association  for  the  Advancement  of  Sci- 
ence, and  on  the  suggestion  of  officers  of  the  Society  for  the  Promotion 
of  Engineering  Education  who  were  there  present,  the  committee  was 
instructed  to  report  to  this  Society." — Index  Vols,  I-XX. 

t  Proceedings,  Vol.  XIX.  These  have  also  been  published  and  can  be 
obtained  from  the  Secretary  in  a  separate  Volume. 
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While  all  may  not  agree  that  these  syllabi  cover  all  those 
portions  of  pure  mathematics  that  are  necessary,  and  none 
of  the  portions  unnecessary,  all  must  admit  that  they  form 
an  excellent  guide  for  mathematical  departments  in  technical 
schools. 

Similar  syllabi  are  to  be  presented  in  other  subjects.  That 
in  mechanics  is  practically  completed. 

The  Joint  Committee  ox  Ekgixeering  Educatiox. 

In  1907,  President  D.  C.  Jackson  presented  a  resolution  in- 
viting the  governing  boards  of  the  American  Society  of  Civil 
Engineers,  The  American  Institute  of  Mining  Engineers, 
The  American  Society  of  MecTianical  Engineers,  The  Ameri- 
ican  Institute  of  Electrical  Engineers,  and  the  American 
Chemical  Society  each  to  delegate  two  members  to  compose 
part  of  a  joint  committee  consisting  of  such  delegates  and 
three  from  the  Society  for  the  Promotion  of  Engineering 
Education.  The  committee  was  ''to  examine  into  all  branches 
of  engineering  education,  including  engineering  research, 
graduate  professional  courses,  undergraduate  engineering  in- 
struction, and  the  proper  relations  of  engineering  schools  to 
the  secondary  industrial  schools  or  foremen's  schools  and  to 
formulate  a  report  or  reports  upon  the  degree  of  cooperation 
and  unity  that  may  be  advantageously  arranged  between  the 
various  engineering  schools."*  The  committee  was  asked  to 
report  in  two  years. 

The  next  year  a  report  was  made  treating  largely  of  the 
personnel  of  the  committee  as  made  up,  all  of  the  societies 
having  appointed  delegates.  It  was  also  suggested  that  the 
interest  of  the  Carnegie  Foundation  for  the  Advancement  of 
Teaching  and  the  General  Education  Board  be  enlisted,  as 
these  organizations  were  "in  touch  with  the  collegiate  educa- 
tional movements  of  the  country"  and  had  "statistics  already 
in  hand  besides  suitable  vehicles  for  gathering  additional  sta- 
tistics."    The  time  for  making  their  report  was  extended  one 

*  Proceedings,  A''ol.  XV,  p.  17. 
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year.  No  formal  report  was  made,  however,  until  1914,  when 
Professor  D.  C.  Jackson  made  a  statement  of  progress,*  to 
the  effect  that  several  attempts  had  been  made  to  collate  infor- 
mation from  college  catalogues;  that  an  appropriation  had 
been  made  by  the  Aftierican  Society  of  Civil  Engineers,  but 
no  information  suitable  for  the  purposes  of  the  committee  had 
been  obtained.  The  Carnegie  Foundation  had  then  been  in- 
vited to  undertake  the  task  and  that  the  Foundation  had 
appointed  for  this  purpose  Dr.  C.  R.  Mann.  Dr.  Mann  took 
part  in  the  program  of  the  meeting  and  all  who  heard  him 
agreed  with  President  Anthony  when  he  stated  that  "he  had 
become  enthusiastic  over  the  prospects  of  the  results  of  the 
committee's  work  although  he  was  not  so  at  first." 

You  are  all  acquainted  with  the  work  of  Dr.  Mann,  whose 
reports  as  a  member  of  the  committee  have  been  the  predomi- 
nant feature  of  several  meetings.  His  work  has  produced 
more  discussion  among  engineering  teachers  and  engineers 
than  any  one  thing  that  has  appeared  in  a  quarter  of  a  cen- 
tury and  it  will  no  doubt  also  be  extremely  far  reaching  in 
its  effect  on  engineering  teaching.f 

Other  Committees. 

It  will  not  be  necessary  to  review  the  work  of  other  commit- 
teesj  nor  mention  the  several  which  were  appointed  two  years 
ago,  when  the  Society,  at  the  suggestion  of  President  Jacoby, 
took  a  step  in  "the  direction  of  more  scientific  committee  work 
and  less  of  the  haphazard  hit  or  miss  kind.  The  Society,  in 
going  largely  to  the  committee  method  of  doing  business,  does 
not  expect  each  committee  to  report  fully  each  year ;  but  does 
hope  to  have  practically  completed  reports  from  one  or  two 
committees.     It  does  not  mean,  either,  that  when  complete 

*  Proceedings,  Vol.  XXII,  p.  2. 

t  The  results  of  Dr.  Mann's  investigations  have  been  rewritten  and 
published  by  the  Carnegie  Foundation  for  the  Advancement  of  Teaching, 
as  Bulletin  No.  11,  1918,  under  the  caption,  "A  Study  of  Engineering 
Education. ' ' 

t  See  Table  VI. 
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reports  are  made  that  the  committees  should  necessarily  be 
discharged.  They  may  be  retained  for  the  purpose  of  watch- 
ing the  trend  of  events  in  their  own  domains  and  of  suggest- 
ing modifications  to  former  reports  whenever  the  exigencies 
of  the  times  demand  or  warrant  them!  Neither  will  it  be 
necessary  to  detail  the  work  of  those  meetings,  which  were 
largely  given  over  to  particular  subjects ;  such  as,  the  papers 
on  education  for  leadership;  the  meeting  devoted  almost 
wholly  to  the  organization  and  management  of  laboratories; 
the  symposium  on  highway  engineering;  and  those  magnifi- 
cent papers,  filling  an  extra  volume,  on  efficiency. 

So  much,  then,  for  the  survey  of  the  past.  It  is  impossible 
thoroughly  and  properly  to  sum  up  the  work  of  twenty-four 
years  in  one  short  hour.  If  I  were  to  criticize  it,  I  should 
say,  there  has  been  in  our  meetings  and  proceedings  too  much 
of  the  2vhat  to  teach  and  not  enough  of  the  hoiv.  Herein  will 
lie  the  help  which  we  expect  from  Dr.  Mann's  studies,  and 
while  no  two  persons  can  teach  exactly  alike,  they  can  obtain 
a  knowledge  of  broad  pedagogical  principles  from  the  same 
source  and  these  will,  like  handwriting,  become  personal  and 
characteristic. 

A  Eeconnaissance. 

One  of  the  objects  of  the  study  of  the  history,  growth  and 
development  of  any  subject  is  to  determine  its  future  trend. 
We  may  not  be  able  to  see  the  movement  of  the  hand  of  a 
clock,  but  by  observing  its  positions  at  periods  sufficiently  far 
apart,  we  conclude  it  does  move  and  we  determine  the  direc- 
tion of  motion.  The  primary  current  may  be  so  slow  and 
sluggish  as  to  be  scarcely  discernible,  but  still  it  will  induce  a 
current  which  manifests  itself  with  great  ferocity.  If  the 
measure  of  an  educated  man  is  determined  by  his  ability  for 
rapid  and  conclusive  analysis,  then  the  study  of  history  will 
have  an  important  place  in  his  culture ;  it  may  be  looked  upon 
as  the  primary  current  which  induces,  as  a  secondary,  this 
power  of  rapid  and  conclusive  analysis. 
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Crowded  Curricula  to  be  Expected. 

In  the  early  days  of  engineering  education,  knowledge  was 
the  prime  requisite.  Data  had  to  be  collected,  had  to  be 
arranged  and  classified.  The  amount  of  known  things  per- 
taining to  engineering  proper  was  so  meager  that  it  formed 
a  minor  part  of  the  school  curriculum.  The  course  of  study 
was  based  upon  the  curricula  of  the  classical  colleges;  dead 
languages  were  replaced  largely  with  applied  science.  The 
ultra  conservative  school  man  looked  with  disgust  upon  the 
innovation  and  for  many,  many  years  refused  to  consider 
engineering  a  learned  profession.  But  the  demand  for  engi- 
neers in  a  rapidly  developing  world  was  great.  Knowledge 
of  the  subject  matter  continually  accumulated.  New  ideas, 
new  inventions,  new  methods,  demanded  "places  in  the  sun." 
History,  literature,  modern  languages,  were  overpowered  and 
surrendered  to  the  autocratic  sway  of  the  technical.  Soon 
the  curriculum  could  no  longer  accommodate  the  many  sub- 
jects asking  entrance.  The  bonds  were  burst  asunder  and 
eclecticism,  specialization  and  differentiation  resulted.  Adjec- 
tive engineering  overrun  the  whole  country  like  dandelions: 
the  lawns  in  the  springtime.  From  the  original  bifurcation! 
of  engineering  into  civil  and  military  has  grown  scores  of 
branches  each  with  its  qualifying  adjective.  Men  of  broad 
vision  began  to  fear  the  narrowing  influence  of  excessive  dif- 
ferentiation. They  suggested  lengthening  the  courses  in  or- 
der to  bring  back  some  of  the  non-technical  cultural  subjects 
crowded  out.  Others  welcomed  the  increased  length  as  it 
enabled  more  technical  subjects  to  be  covered  by  one  student. 
The  results  of  the  five-  and  six-year  courses  have  not  proven 
to  be  satisfactory  in  practice.  Students  refuse  to  spend  five 
or  six  years  in  college  when  they  can  get  a  degree  and  a  job 
in  four.  Then  perhaps  shallowness  is  no  worse  than  narrow- 
ness. Under  pressure  the  bottom  will  scour  out  or  the  banks 
wash  down. 

If  the  time  necessary  for  a  degree  has  been  fixed,  and  it 
seems  to  be  in  American  colleges,  either  there  must  be  allowed 
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the  multiplication  of  courses,  or  the  educational  procedure 
must  be  speeded  up.  Could  the  speeding  up  process  be  ac- 
complished by  an  application  of  the  principles  of  business 
management  ?  Could  moving  pictures,  for  instance,  be  taken 
of  the  various  schools  and  their  methods,  the  information 
charted  and  a  route  map,  which  may  cut  off  a  few  seconds 
here  and  a  few  seconds  there,  be  made?  This  not  for  the 
purpose  of  reducing  the  number  of  hours  in  the  college  course 
— that  is  assumed  to  be  fixed — but  to  see  if  space  cannot  be 
gained  to  slip  in  a  lost  cultural,  or,  more  likely,  a  new  tech- 
nical subject.  Dr.  Mann  {Proceedings,  Vol.  XXV,  p.  125) 
suggests  that  a  speeding  up  process  might  be  accomplished  by 
a  greater  correlation  of  the  work  of  the  freshman  class  with 
engineering  subjects.  He  would  introduce  in  the  freshman 
year  "a  course  which  might  be  called  'elements  of  engineer- 
ing,' "  dealing  with  problems  in  mechanics,  transmission  or 
energy  or  other  concrete  definite  problems  "closely  connected 
with  mathematics  and  drawing  so  that  the  three  would  be 
three  phases  of  the  same  thing." 

Notwithstanding  the  greatly  increasing  number  of  subjects, 
there  are  those  who  believe  with  Professor  Swain  that  the 
"increase  in  number  of  studies  has  led  to  the  subordination 
of  the  exceptional  man  to  the  average  man."  "While  others 
are  of  the  opinion  that  over-specialization  is  a  menace,  that 
broadminded  men  are  demanded  and  that  every  engineering 
course  should  be  firmly  based  on  the  fundamentals. 

With  the  tremendous  increase  of  subject  matter  in  engi- 
neering as  a  whole  and  with  the  broad  diversification  of  the 
same,  and  the  further  fact  that  this  is  bound  to  proceed  at  an 
accelerated  rate  in  the  future,  we  may  expect  continual  crowd- 
ing in  the  hives  with  the  consequent  swarming  of  curricula. 

There  is  also  a  tendency  to  consider  more  carefully  the  inti- 
mate relation  existing  between  engineering  and  the  social  sci- 
ences. In  the  past  engineering  was  considered  almost  wholly 
the  application  of  mathematical  and  physical  sciences  to  the 
problems  of  construction.  In  the  future  more  emphasis  will 
be  laid  on  the  needs  of  construction  and  the  reasons  therefore. 
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Social  science  and  economics  are  coming  more  and  more  to  be 
considered  legitimate  subjects  for  the  study  of  engineers. 
The  responsibility  of  the  citizen  for  government  and  the  du- 
ties he  owes  to  the  community  in  which  he  lives,  and  to  those 
who  may  be  associated  with  him  or  be  placed  under  his  direc- 
tion is  beginning  to  receive  more  than  incidental  attention. 

The  Pedagogy  of  Exgixeerixg  Educatiox. 

More  thought,  in  the  future,  will  quite  likely  be  given  to 
what  may  be  termed  the  pedagogy  of  engineering  education. 
The  big  work  of  the  next  few  years  of  the  Society  for  the 
Promotion  of  Engineering  Education  ought  to  be  of  this 
character.  It  can  be  divided  into  two  general  heads :  •"'What 
to  teach"  and  "How  to  teach."  Each  of  these  will  be  given 
due  consideration  by  the  committees  now,  and  which  shall,  in 
the  future,  be  appointed. 

Ixtelligexce  Tests. 
The  work  of  educators  and  psychologists  during  the  past 
few  years  in  carrying  forward  so  called  "Intelligence  Tests" 
to  determine  the  ability  of  a  pupil  to  learn  may  lead  to  a 
method  of,  or  series  of  tests  for.  determining  what  subjects 
the  student  is  best  fitted  for.  This  Society  should,  and  from 
the  interest  evinced  during  the  past  few  years  in  the  labors 
of  Dr.  Mann,  will  render  every  service  toward  the  perfection 
of  such  tests,  or  prove  beyond  a  peradventure  of  doubt  their 
fallibility.  It  is  to  be  hoped  the  tests  may  themselves  be 
tested,  for.  if  successful,  the  paying  in  students"  time  will  be 
almost  incalculable.  This,  though,  means  lots  of  work,  pains- 
taking work.  The  whole  matter  is  yet  in  a  very  crude  condi- 
tion, but  the  chances  of  success  are  much  more  hopeful  than 
were  the  chances  of  wireless  telegi-aphy  when  this  Society 
had  its  origin. 

How  to  Teach. 

The  writers  of  papers  have  avoided  to  a  great  extent  dis- 
cussions of  how  to  teach  their  particular  branches.     Possiblv 
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this  is  due  to  the  inherent  modesty  of  the  members.  It  would 
be  well  if  there  might  be  more  explicit  statements  concerning 
the  "how  to  teach"  from  the  older  and  more  experienced  for 
the  benefit  of  the  younger  teachers.  The  intelligence  tests 
may  serve  a  useful  purpose  here.  too.  For,  if  a  short  test 
can  determine  a  student's  ability,  then  will  it  be  easy  to  col- 
lect students  of  like  ability  into  the  same  class  and  gauge  the 
lessons  assigned  according  to  that  ability. 

Educatiox  for  Line  and  Staff. 

Dean  (Major)  Stout,  of  the  University  of  Nebraska,  uses 
the  above  caption  to  designate  a  scheme  he  has  for  training 
engineering  students  according  to  their  abilities.  Some  will 
only  be  able  to  prepare  for  the  simpler  engineering  opera- 
tions— for  example,  machinists,  plant  operators,  or  instru- 
ment men ;  while  others  may  become  designing  engineers  and 
general  managers  of  large  concerns.  During  the  earlier 
years  of  the  college  course  he  would  have  the  students  take 
up  the  easier  learned  subjects  or  those  within  their  compre- 
hension, and  train  them  for  "line''  positions;  carrj-ing  on  in 
the  later  years  to  those  subjects  which  train  for  the  "staff" 
positions.  The  intelligence  tests  may  be  able  to  point  out  at 
once  into  which  of  these  classes  the  student  should  be  placed, 
thus  saving  much  time  in  preliminary  study. 

The  "motivation"  of  studies  is  receiving  some  attention. 
This  may,  and  has  in  some  cases,  been  done  successfully  in 
mechanics,  mathematics,  chemistry-,  physics,  etc.,  by  placing 
before  the  students  practical  engineering  problems  and  devel- 
oping the  theory  as  needed;  in  English  composition  by  having 
students  write  about  those  subjects  directly  connected  with 
their  engineering  experience.  It,  of  course,  means  that  the 
teachers  of  such  subjects  must  be  engineers.  In  mechanical 
engineering,  shop  and  bu.sine.ss  management  is  attempted  to 
be  taught  in  connection  with  manual  training  and  other  shop 
work.     In  former  days  the  schools  were  anxious  to  help  out 
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manufacturing  by  training  artisans,  now  they  are  apparently 
devoting  more  energy  to  the  training  of  officers  and  managers. 

Conclusion. 

It  has  not  been  the  desire  to  give  detailed  statements  of 
each  year's  work  of  the  Society,  nor  to  make  long  quotations. 
The  Proceedings  are  available  to  most  of  the  members  and  will 
well  repay  their  examination,  especially  by  the  younger  teach- 
ers. As  a  further  constructive  criticism,  the  suggestion  may 
be  made  that  the  official,  fiscal  and  statistical  year  should  have 
a  definite  time  of  beginning  and  ending.  This  should  be  suffi- 
ciently long  enough  before  the  annual  meeting  for  the  officers 
to  make  their  reports  complete.  Some  of  the  reports  are  up 
to  August,  some  to  June  and  some  to  March.  Why  not  have 
them  all,  hereafter,  begin  at  a  fixed  date  ? 

In  conclusion,  it  may  be  stated  that  the  trend  of  engineer- 
ing education  has  been  upward.  More  and  more  is  being 
demanded  of  the  schools  and  the  schools  are  responding  nobly. 
They  may  be  given  great  credit  for  the  present  high  standing 
of  the  profession,  and  in  turn  the  high  standing  of  the  pro- 
fession has  had  a  very  beneficial  reaction  on  the  schools.  It 
would  be  well  if  more  practitioners  would  attend  our  meet- 
ings and  give  us  the  results  of  their  experience,  that  we  might 
carry  practical  ideas  back  to  the  students  we  are  training. 

Addendum. 

The  above  had  been  rough  drafted  for  the  meeting  of  1917, 
which  was  to  have  been  held  at  Northwestern  University, 
Evanston,  Illinois.  But  upon  April  6,  of  that  year,  as  is  well 
known,  tlie  United  States  declared  war  against  Germany.  The 
meeting  at  Evanston  was  declared  off  and  in  lieu  thereof  a 
short  meeting  was  held  in  Washington.  The  volume  of  the 
proceedings  for  1917  is  one  of  the  smallest  of  any  of  the 
twenty-five  so  far  published.  But  the  work  of  that  meeting 
was  by  no  means  negligible.  Secretary  of  War,  N.  D.  Baker ; 
Chief  of  Engineers,  U.  S.  Army,  General  W.  M.  Black;  Di- 
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rector  of  the  Bureau  of  Standards,  S.  W.  Stratton;  U.  S. 
Bureau  of  Education  Specialist,  S.  P.  Capen ;  members  of  the 
Advisory  Board  and  others  were  the  speakers.  Practically 
the  entire  two  days  were  given  to  discussing  how  the  engi- 
neering schools  could  help  the  government  win  the  war.  As 
a  result  of  this  meeting  and  other  educational  conferences, 
many  of  which  were  participated  in  by  Secretary  Bishop  and 
other  delegates  of  the  S.  P.  E.  E.,  the  government  appointed 
a  committee  on  Education  and  Special  Training,  consisting 
of  representatives  of  various  branches  of  the  war  service  and 
several  civilian  educators  to  organize  and  administer  all  gov- 
ernmental educational  war  work.  This  committee  first  organ- 
ized the  engineering  colleges  and  trade  schools  along  indus- 
trial lines.  Drafted  men  were  sent  to  these  schools  to  take 
up  many  lines  of  industrial  work  needed  in  the  army.  The 
courses  given  were  short  and  snappy.  The  methods  of  teach- 
ing and  assigning  work  were  much  different  from  those  in 
vogue  in  the  conservative  engineering  colleges.  The  work 
was  eminently  satisfactory. 

At  the  solicitation  of  school  men  the  government  offered 
to  give  deferred  classification  to  students  in  technical  courses 
upon  recommendation  of  the  school  authorities.  But  for 
keeping  up  the  attendance  of  the  schools  this  proved  to  be  a 
failure.  The  young  men,  being  red-blooded  and  patriotic, 
refused  to  accept  exemption ;  they  did  not  even  desire  it,  they 
wished  to  avoid  the  very  appearance  of  being  slackers,  and 
the  quicker  they  could  get  to  pumping  cold  lead  into  the  Huns 
the  better  they  would  be  pleased.  On  the  other  hand,  there 
were  many  educators  who  would  not  think  of  asking  exemp- 
tion for  their  students.  The  writer  was  one  who  early  advo- 
cated the  enlistment  of  the  college  man  and  the  detailing  of 
him  back  to  college  for  special  training.  (See  last  paragraph 
on  p.  18,  1917  Proceedings.) 

S.  A.  T.  C.  Orgaxized. 
The  agitation  of  the  school  men  kept  before  the  War  De- 
partment the  needs  of  the  schools;  meantime  the  War  Depart- 
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ment  felt  it  could  not  successfully  prosecute  the  war  without 
educated  young  men  for  officers.  It  saw  in  the  organization 
of  the  schools  the  machinery  ready  at  hand  for  the  training 
of  officers  and  industrial  technicians,  hence  contracts  were 
entered  into  for  the  utilization  of  the  organization,  plant  and 
equipment  of  the  several  schools,  also  for  the  housing  and 
subsistence  of  the  soldier  students  under  most  rigid  sanitary 
regulations.  The  instruction,  as  mentioned  above,  was  largely 
along  industrial  lines  and  later  this  branch  became  Section 
B  of  the  S.  A.  T.  C.  It  proved  to  be  so  satisfactory  that  the 
government  thought  it  worth  while  to  expand  the  scheme  so 
as  to  take  in  all  university  men.  There  was  consequently 
established  in  colleges  registering  100  or  more  men  units  of 
Section  A  of  the  Students'  Army  Training  Corps.  Under 
the  regulation  selected  young  men  who  were  physically  fit  for 
military  service,  eighteen  years  of  age  or  over,  and  had  been 
accepted  as  students  in  a  college  requiring  a  high-school 
preparation  or  its  equivalent  for  entrance,  were  to  be  allowed 
voluntarily  to  enlist  in  the  S.  A.  T.  C.  and  thus  to  become 
bona  fide  soldiers  of  the  United  States.  Before  this  went  into 
effect,  however,  the  draft  age  was  lowered  to  eighteen  years; 
but  the  War  Department  wished  to  continue  S.  A,  T.  C.  for 
registrants,  because  the  government,  looking  ahead  to  a  possi- 
ble long  war,  needed  trained  men  to  fill  important  positions 
in  the  army,  and  later,  educated  men  to  carry  on  the  work  of 
readjustment  after  the  fighting  stopped.  Th.e  colleges  having 
units  of  S.  A.  T.  C.  were,  in  other  words,  to  serve  as  reser- 
voirs from  which  a  constant  supply  of  officer  material  could 
be  drawn  as  needed.  They  furnished  splendid  places  for  the 
trying  out  of  these  men.  Arrangements  were  under  way  for 
the  application  on  a  broad  scale  of  "intelligence  tests"  to 
determine  the  character  of  the  work  for  which  the  student 
soldier  was  best  fitted,  and  his  future  training  was  to  be  modi- 
fied accordingly. 

Incidentally,  it  may  be  noted  that  intelligence  tests  were 
made  upon  thousands  of  soldiers  in  the  cantonments  with 
eminent  success.     Psychologists  are  strongly  of  the  opinion 
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that  the  validity  of  such  tests  have  been  demonstrated.  Our 
Society  should  by  all  means  raise  a  committee  to  study  more 
thoroughly  these  tests,  and  if  found  to  be  what  the  psycholo- 
gists claim  for  them  they  should  be  standardized  for  engi- 
neering students. 

In  order  to  popularize  the  S.  A.  T.  C.  movement  a  publicity 
campaign  under  the  direction  of  the  American  Council  on 
Education,  of  which  the  S.  P.  E.  E.  is  a  constituent  member, 
was  inaugurated.  The  estimated  probable  enrollment  in  the 
United  States  was  111,097 ;  the  actual  enrollment  was  in  ex- 
cess of  250.000.  While  this  sudden  influx  of  students  more 
than  kept  the  enrollment  of  the  schools  up,  nevertheless,  on 
account  of  the  required  changes  in  courses  and  methods,  on 
account  of  the  necessity  of  housing  and  feeding  the  students, 
the  schools  were  hard  put  to  it,  and  considerable  dissatisfac- 
tion due  to  these  more  or  less  chaotic  conditions  existed  in 
many  schools. 

Some  Reason-s  for  Failure  of  S.  A.  T.  C. 

The  general  plan  of  the  S.  A.  T.  C.  was  excellent.  The 
students  were  to  receive  regular  military  and  educational 
training,  a  definite  number  of  hours  per  day  of  each.  Had 
the  plan  been  carried  out  in  its  entirety,  it  is  thought  by  those 
who  have  made  a  close  study  of  the  work,  it  would  have  been 
extremely  .successful.  In  addition  to  the  unpreparedness  of 
the  colleges  the  following  causes  may  have  been  conducive  to 
the  feeling  of  dissatisfaction  with  S.  A.  T.  C. :  First,  there 
was  considerable  delay  at  the  beginning  of  the  school  year 
because  the  process  of  induction  was  slow;  the  military  blank 
forms  were  not  forthcoming ;  the  work  was  new  to  the  young, 
inexperienced  officers  in  charge ;  the  students  had  not  become 
accustomed  to  the  new  life,  and  class  and  study  periods  were 
not  definitely  arranged.  Second,  about  the  time  these  diffi- 
culties were  overcome  the  epidemic  of  influenza  struck  the 
camps,  thousands  of  student  soldiers  had  to  go  to  the  hos- 
pitals, excitement  ran  high,  and  matters  became  disorganized. 
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Third,  just  as  everything  was  again  beginning  to  become  sta- 
bilized the  armistice  came.  Students,  though  sufficiently  pa- 
triotic to  submit  to  military  supervision  and  restrictions  in 
time  of  war  when  there  was  real  need  believed  as  soon  as  the 
war  was  over  they  should  be  restored  to  their  old  time  free- 
dom of  movement  and  action.  They  were  actually  glad  when 
their  discharges  came. 

Some  day  when  time  lends  perspective  the  true  history  of 
the  S.  A.  T.  C.  movement  will  be  written  by  someone  capable 
of  setting  forth  its  good  and  bad  points  in  a  systematic,  con- 
cise manner.  We,  who  had  something  to  do  with  it,  may  be 
proud  that  we  rendered  every  help  possible  to  make  a  success 
of  the  greatest  educational  experiment  ever  attempted.  An 
experiment  stopped  by  a  great  world  blessing,  the  signing  of 
the  armistice.  Organization  had  not  been  completed;  mili- 
tary men  inexperienced  or  not  wholly  in  sympathy  with  the 
educational  side  were  in  command;  and  the  inflenza  epidemic 
and  various  other  causes  prevented  a  fair  try  out.  Educa- 
tors, as  a  rule,  were  glad  to  give  it  up,  but  some  there  are  who 
yet  believe  there  is  much  good  in  the  principle  of  having 
students,  especially  in  the  lower  classes,  under  rigid  disci- 
pline ;  that  eventually  the  dormitory  system  will  take  the 
place  of  the  military  barracks  and  that  facilities  for  super- 
vised study  will  greatly  enhance  the  efficiency  of  our  educa- 
tional institutions,  that  though  seemingly  put  to  death  by  the 
ending  of  the  war,  its  good  points  may  still  live  and  influence 
the  world's  education  for  all  time  to  come. 

Discussion. 

C.  J.  Tilden:  This  is  one  of  the  most  interesting,  instruct- 
ive and  valuable  papers  that  has  ever  been  published  by  this 
Society.  I  am  sure  that  I  voice  the  sentiment  of  the  entire 
membership  in  expressing  the  gratitude  and  appreciation  of 
the  Society  to  Professor  Chatburn  for  preparing  it.  One 
needs  only  to  glance  through  it  to  see  the  great  amount  of 
work  that  has  been  put  upon  it,  and  the  admirable  and  valua- 
ble shape  in  which  it  now  stands. 
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It  is  a  remarkable  record  really;  and  perhaps  the  first 
thought  that  comes  to  one  on  reading  it.  especially  in  view  of 
the  particular  time  we  are  in  now.  is  what  the  next  twenty-five 
years  are  going  to  bring  to  the  Society  and  to  the  field  of  edu- 
cation that  we  represent?  I  am  not  going  to  attempt  predic- 
tion, but  there  are  one  or  two  points  that  come  to  mind,  and 
one  of  these  that  I  should  like  to  emphasize  is  touched  on  on 
page  26  of  this  paper  in  what  Professor  Chatburn  has  to  say 
about  history  and  biography.  Not  only  is  tlie  history  of  engi- 
neering education  important,  but  I  think  it  is  the  duty  of  this 
Society  to  take  up  the  whole  question  of  the  history  of  engi- 
neering activity.  It  is  a  profession  that  has  a  wonderful  his- 
tory', a  history  that  goes  far  back  into  the  past  and  it  is  a  sub- 
ject that  has  been  much  neglected.  It  could  certainly  be  made 
a  most  valuable  part  of  the  inspiration  and  education  of  col- 
lege students.  They  are  particularly  susceptible  to  the  rec- 
ords of  the  achievements,  the  .study  and  past  performances  of 
men  in  the  profession  they  seek  to  enter,  and  that  is  something 
that  ought  to  be  taken  up  more  in  detail,  and  something  that 
this  Society  could  well  foster. 

Another  point  is  also  one  that  has  had  suprisingly  little 
attention.  Professor  Chatburn  speaks  of  the  emphasis  that 
has  been  placed,  in  the  past  quarter  century's  record  of  the 
Society,  on  what  to  teach  rather  than  how.  And  if  the  * '  how " ' 
is  important  how  much  more  so  are  the  personal  qualifications 
of  the  teacher.  But  there  is  no  general  specification  for  a 
teacher  of  college  grade,  no  attempt  -anywhere  to  formulate 
his  training,  experience,  personal  qualities,  etc.  For  a  pro- 
fession that  is  severe  and  exacting  in  most  of  its  relatiou-ships. 
we  are  singularly  haphazard  in  picking  our  teachers,  the  very 
place  it  would  seem  where  the  most  severe  and  most  exacting 
requirements  should  be  demanded. 

This  need  for  plans  and  specifications  of  a  strict  engineer- 
ing sort,  for  the  guidance  of  those  who  could  become  teachers 
as  well  as  for  those  who  must  choose  them,  is  one  of  the  great- 
est needs  today  in  the  development  of  engineering  education. 
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If  something  of  the  sort  could  be  done  it  would  easily  be  the 
next  big  step  forward.  It  could  hardly  be  done  by  this  So- 
ciety alone,  but  in  cooperation  with  the  national  engineering 
societies  a  formulation  could  be  accomplished  that  would  be 
satisfactory — at  least  for  a  time — and  carry  great  weight  of 
authority.  This  suggestion  was  made  in  Minneapolis  last 
week  at  the  meeting  of  the  Development  Committee  of  the 
American  Society  of  Civil  Engineers.  The  expressed  desire 
of  the  national  societies  to  make  their  organizations  more 
effective  and  useful  would  lead  to  a  ready  and  prompt  re- 
sponse from  all  of  them  if  the  Society  for  the  Promotion  of 
Engineering  Education  expressed  a  wish  for  cooperation  or 
help. 

I  want  to  express  again  my  own  great  satisfaction  and  profit 
in  reading  this  paper,  and  that  I  am  sure  is  something  we 
all  feel. 

R.  L.  Sackett:  Mr.  President,  I  have  enjoyed  very  much 
this  survey  of  the  history  of  the  Society. 

I  happened  to  be  one  of  those  present  at  the  first  session 
when  this  Society  was  organized,  and  I  shall  never  forget  the 
inspiration  from  the  high  ideals  expressed  by  those  members 
of  the  profession  there  present.  We  look  back  upon  them  and 
realize  that  they  were  the  leaders  and  that  they  had  the  vision 
of  the  Society. 

I  want  to  emphasize  one  thing.  In  the  earlier  session  of 
this  Society  there  was  presented  to  its  membership  the  ideals 
of  engineering  education ;  and  where  the  ideals  have  been  pre- 
sented and  the  defects  shown  and  suggestions  made  for  im- 
provement there  has  been  an  enlarged  measure  of  success,  it 
seems  to  me. 

The  Society  has  on  occasions  attempted  to  suggest  action 
on  specific  matters.  I  shall  illustrate  by  over  emphasis :  For 
instance,  where  we  have  attempted  to  unionize  or  suggest  a 
specific  procedure  or  the  number  of  hours  to  be  devoted  to  a 
given  subject  we  have  not  succeeded.  Where  we  have  pointed 
out  defects  and  suggested  what  the  ideal  should  be  we  have 
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won  our  greatest  success.  Take  English  for  instance.  It  is 
not  important  it  seems  to  me  for  the  engineering  schools  that 
this  Society  should  specify  the  quantity  of  English.  But  it  is 
highly  important  that  now  somehow  we  should  coordinate 
with  the  teachers  of  English  to  engineers,  in  order  that  we 
might  get  a  closer  cooperation  between  the  teachers  of  Eng- 
lish and  the  teachers  of  engineering,  so  that  each  might  under- 
stand the  ideals  and  the  ideas  of  the  other. 

I  submit  again  that  the  most  important  thing  in  the  history 
of  this  Society  is  the  constant  maintenance  of  high  ideals,  sug- 
gestions of  how  improvements  can  be  made,  without  any  at- 
tempt to  specify  what  the  content  of  subjects  for  entrance  or 
in  the  curriculum  should  be. 

J.  J.  Flather:  I  wnsh  to  call  attention  to  a  paragraph  on 
page  32.  in  which  it  is  stated  that  the  results  of  the  five  and 
six  j^ears'  courses  have  not  proved  to  be  satisfactory  in  prac- 
tise. At  the  present  time  the  question  is  debatable  as  to 
whether  it  is  desirable  to  open  up  our  courses  and  extend  them 
to  five  years.  Personally  I  am  a  firm  beUever  in  a  five  years' 
course  for  engineers.  If  we  are  to  give  our  engineering  stu- 
dents the  necessary  preparation  for  engineering  work  and  at 
the  same  time  fit  them  for  citizenship  and  for  those  positions 
which  an  educated  man  ought  to  occupy  in  his  community,' 
we  must  introduce  subjects  other  than  enguieering.  which  in 
the  crowded  state  of  the  curriculum  of  four  years  seems  almost 
impossible,  therefore,  I  think  a  five-years'  course  is  the  logical 
and  proper  course.  From  an  experience  of  eight  or  ten  years 
at  the  University  of  Minnesota,  when  we  have  had  seventy  to 
seventy-five  per  cent,  of  our  seniors  come  back  for  the  post- 
senior  year,  it  would  seem  as  if  the  students  themselves  were 
in  favor  of  the  longer  course. 

At  the  same  time  even  in  the  five-years  course  we  should  use 
every  possible  means  to  speed  up  the  process,  as  Professor 
Chatburn  has  mentioned.  It  might  be  interesting  to  state 
here  that  one  way  in  which  we  are  accomplishing  results  that 
were  undreamed  of  five  or  six  years  ago  is  by  using  the  task 
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and  bonus  system  applied  to  various  forms  of  our  work,  not 
only  in  the  shop  but  in  the  drawing  room  as  well,  and  to  a 
certain  extent  the  class  room ;  but  particularly  in  our  shop 
and  drawing  room,  in  which  we  are  using  the  typewriter  more 
than  ever  before.  Each  student  in  the  drafting  room  for  in- 
stance is  assigned  to  project  clearly  stated ;  cases  are  referred 
to — references,  magazines,  books,  periodicals,  textbooks  and 
others  in  which  the  page  and  reference  may  be  given  so  as  to 
save  the  student's  time.  A  time  limit  is  set  on  that  project, 
the  date  is  given  when  it  is  to  be  finished,  and  the  student  is 
urged  in  every  way  possible  to  save  time,  and  whatever  he 
saves  counts  as  a  bonus. 

In  the  upper  classes  we  find  this  to  be  the  case:  that  the 
men  are  doing  thirty  to  fifty  per  cent,  more  work  than  they 
ever  did  before.  If  they  wish  to  take  the  time  saved  as  a 
bonus,  they  can  spend  that  time  on  something  else,  because 
they  have  accomplished  the  work,  and  they  have  done  it  in  a 
shorter  time;  or  if  they  desired  they  can  go  on  and  do  more 
work,  accumulating  a  bonus  in  that  way.  They  have  learned 
to  think  more  expeditiously;  to  run  a  machine  more  intelli- 
gently, and  to  draw  with  less  loss  of  time  than  formerly. 

Now,  in  addition  to  that,  grades  are  assigned  for  efficiency 
in  this  work.  A  man  may  secure  such  a  grade  as  will  give 
him  a  thirty-three  per  cent,  additional  credit  so  that  he  will 
graduate  in  a  shorter  time,  or  as  it  works  out  he  may  use  those 
additional  credits  for  graduation. 

Those  are  some  of  the  ways  in  which  we  are  trying  to  expe- 
dite the  work  and  we  are  not  able  to  accomplish  much  more 
and  with  better  results  for  the  individual  than  ever  before. 
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Workmen  have  been  injured  in  the  course  of  their  daily 
labor  for  as  many  centuries  as  we  have  had  men  toiling  for 
their  food  and  shelter.  When  the  causes  of  these  injuries 
could  be  traced  to  the  negligence  of  the  workman  or  his  fel- 
low workman,  no  one  felt  any  particular  concern,  for  of 
course,  certain  chances  had  to  be  taken  and  in  some  kinds  of 
work  more  than  in  others.  If  it  were  quite  evident  that  the 
fault  lay  with  the  emploj'er,  as  our  civilization  progressed, 
there  was  a  legal  battle  and  a  damage  suit  to  be  won  or  lost. 

About  twelve  years  ago  the  heads  of  several  industrial  cor- 
porations started  investigations  to  determine  the  causes  for 
the  large  number  of  injuries  to  workmen  that  were  occurring 
in  their  plants.  Accompanying  the  realization  that  these 
injuries  would  gradually  develop  in  the  minds  of  the  public, 
an  opposition  to  the  indu.stries  represented,  was  an  objection 
to  the  waste  and  suffering  resulting  therefrom.  These  inves- 
tigations indicated  that  many  injuries  from  so-called  acci- 
dental causes  were  preventable  and  that  it  was  possible  and 
highlj*  desirable  to  reduce  their  number.  It  was  decided  that 
although  the  workman  might  be  considered  legally  negligent 
when  he  put  his  hands  into  unguarded  gears,  it  would  never- 
theless be  best  to  guard  the  gearings  and  the  plants  proceeded 
to  guard  them.  Danger  points  were  thus  sought  out  and  in- 
dustrial operations  began  to  be  studied  from  the  standpoint 
of  safety  for  the  workman,  as  well  as  speed  and  economy  of 
production  and  quality  of  the  product. 

At  about  this  time  workmen's  compensation  laws  came 
along  and  the  movement  gained  additional  converts.  Of 
necessity  the  progress  was  slow,  since  plants  doing  such  work 
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had  to  depend  upon  their  own  experience,  for  all  the  knowl- 
edge they  could  bring  to  bear  on  the  several  problems  involved. 

The  first  step  towards  active  cooperation  was  taken  when  a 
small  group  of  young  electrical  engineers  met  in  the  city  of 
Milwaukee  early  ♦in#  the  fall  of  1912,  to  discuss  ways  and 
means  of  installing  mechanical  guards  to  prevent  electrical 
injuries.  One  engineer  detailed  the  methods  he  employed 
in  safeguarding  his  work,  another  described  his  procedure, 
then  a  third  and  a  fourth  and  the  technical  difficulties  went 
the  rounds.  Out  of  the  debate  a  national  movement  was  born, 
because  as  these  men  reasoned,  the  underlying  principle  of 
safeguarding  human  life  is  the  same  in  a  steel  plant,  a  wood- 
working shop,  a  railroad  and  in  the  depths  of  a  mine.  As  a 
result,  officers  were  elected  and  an  organization  was  com- 
pleted that  in  1913  became  the  National  Safety  Council,  a 
clearing  house  for  safety  information. 

Each  year  since  its  organization,  this  council  has  held  a 
meeting  at  which  members  gather  to  discuss  experiences  of 
the  preceding  year  and  gain  ideas  and  inspiration  for  the 
year  to  follow.  Speakers  of  wide  experience  hring  thoughts 
which  tend  to  broaden  the  horizon  and  with  all,  the  proceed- 
ings of  these  meetings,  or  congresses,  as  they  are  called,  take 
a  prominent  place  in  the  literature  on  the  subject  of  safety. 

This  council  was  originally  formed  to  promote  the  idea  of 
mechanical  safeguarding,  of  which  a  few  of  the  more  im- 
portant items  are  structural  design  of  buildings,  including 
installation  of  proper  avenues  of  approach  for  employees ; 
correct  heating,  lighting  and  ventilating  facilities;  satisfac- 
tory sanitary  appliances ;  adequate  aisles  and  exits ;  non-slip 
floors  and  stairs :  standard  rails  and  platforms :  stair  and 
walkway  approaches  to  cranes  and  window  cleaning  plat- 
forms; clearances  between  immovable  parts  and  cranes  and 
cars ;  fire  fighting  equipment ;  and  the  checking  of  compila- 
tions of  safe  loads  and  stresses.  Then  comes  the  considera- 
tion of  operating  machinery,  which  not  only  covers  the  care- 
ful preparation  of  specifications  for  new  material  and  ma- 
chines, but  also  requires  the  covering  of  all  gears,  protection 
16 
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of  belts,  shafts  and  revolving  parts,  safeguarding  against 
contact  with  electrical  equipment,  regular  inspection  of 
cranes,  cables,  slings,  elevators,  boilers,  control  and  other 
apparatus. 

Mechanical  safeguarding  rapidly  ine^p«rated  the  opera- 
tion of  the  machine  and  accessory-  equipment,  sanitation  of 
the  workman's  surroundings,  protection  of  his  eyes  by  goggles 
from  flying  missiles  and  by  the  aid  of  scientifically  colored 
screens  from  light  rays  coming  from  metallurgical  or  high 
temperature  operations,  his  protection  from  dangerous  fumes 
and  has  ramified  into  an  almost  unlimited  field,  until  today 
the  department  having  charge  of  this  work  is  more  thoroughly 
acquainted  than  any  other,  with  general  plant  conditions. 
The  recognition  of  this  fact  by  the  officials  of  plants  well 
organized  to  carry  forward  this  activity,  is  evidenced  by  the 
fact  that  more  promotions  to  the  positions  of  manager  and 
general  superintendent  have  come  to  the  heads  of  the  safety 
departments  in  the  last  few  years  than  to  those  of  any  other 
department. 

The  successes  accompanying  the  work  for  the  prevention 
of  injuries  has  been  striking  in  many  plants  where  intelligent 
effort  has  been  made,  as  the  following  selections  indicate : 

The  records  of  the  United  States  Steel  Corporation  show 
that  by  using  the  injury  rate  of  1906  as  a  basis,  and  including 
cases  where  more  than  35  days*  time  was  lost  from  work,  that 
in  the  nine  subsequent  years  14.967  of  its  employees  were 
saved  from  death  or  serious  injuries  by  its  safety  work.  These 
records  also  show  that  although  the  cost  has  totaled  millions 
of  dollars  the  corporation  has  saved  through  the  reduction  of 
casualty  settlements,  an  amount  double  this  large  investment. 

The  fatality  statistics  of  the  munition  plants  of  the  E.  I. 
duPont  de  Nemours  &  Co.  show  as  a  result  of  their  safety 
work,  that  for  full-time  employees  their  accident  rate  has 
been  lowered  as  follows : 

In  1908  for  an  average  payroll  of  3,817,  fatalities  amounted 
to  9.17  per  1.000  employees.  At  the  end  of  this  year  safety 
work  was  begun. 


Employed. 

Fatalities  per  1,000. 

4647 

5.38 

5466 

5.66 

5241 

3.24 

5391 

2.04 

4659 

4.72 

4109 

1.70 

46475 

2.04 

49326 

2.41 
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1909  

1910  

1911  

1912  

1913 -. 

1914  

1915  46475 

1916  49326 

In  1910  on  the  railroads  of  this  country  there  were  217 
employees  killed  out  of  every  one  hundred  thousand  men 
employed,  while  in  1916  there  were  117  killed  out  of  each 
one  hundred  thousand  employed.  This  is  a  reduction  of  47 
per  cent,  and  with  injured  men,  although  the  rate  was  much 
greater  the  reduction  amounted  to  46  per  cent.  On  the  New 
York  Central  Railroad,  according  to  its  General  Safety  Agent, 
the  reduction  in  number  of  employees  killed  was  35  per  cent, 
in  1916  as  compared  to  1913  per  million  tons  of  freight 
carried  one  mile,  and  in  injured  a  decrease  of  20  per  cent,  on 
the  same  basis.  The  Chicago  and  Northwestern  Railway  in 
a  six  and  one  half  year  period  saved  the  lives  of  293  of  its 
employees  and  including  all  eases  of  more  than  one  day's  dis- 
ability prevented  injuries  to  15,769  employees. 

The  following  figures  just  received  from  the  National  Safety 
Council  show  the  results  from  safety  work  done  by  a  few 
of  the  companies  thus  engaged : 

Percentage  Reduction  in 

Number  of  Injuries  from 

Accidental  Causes. 

The  American  Smelting  and  Eefining  Co 90 

Bucyrus  Company    65 

Oadilla.e  Motor  Car  Co 69 

Eastman  Kodak  Co 80 

Illinois  Steel  Co 70 

Mare  Island  Navy  Yard 75 

International  Harvester  Co 68 

Chicago  and  Northwestern  Ky 66 

Accompanying  these  figures  was  a  statement  that  they 
should  not  be  considered   as  comparing  the  record  of  one 
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company  with  that  of  another,  but  as  an  indication  of  what 
progress  has  been  made  by  the  use  of  safety  methods  by  indi- 
vidual companies. 

A  comparison  which  may  appeal  more  strongly  to  stock- 
holders, is  that  of  the  A.  E.  Staley  Manufacturing  Co.,  who 
in  one  year  by  safety  methods  reduced  its  compensation  and 
medical  costs  from  $1.87  to  75  cents  per  one  hundred  dollars 
payroll  and  of  Fred  T.  Ley  and  Co.,  general  contractors,  who 
obtained  a  direct  reduction  of  33.2  per  cent,  in  insurance 
costs  for  all  work  in  the  State  of  Massachusetts,  on  the  basis 
of  their  excellent  injury  record  maintained  over  a  period  of 
45  months.  The  100  per  cent,  dividend  made  by  the  United 
States  Steel  Corporation  on  its  investment  in  safety  work 
amounting  to  millions,  was  probably  not  viewed  unfavorably 
by  persons  whose  money  is  invested  in  this  enterprise. 

The  following  list  of  slides  showing  a  few  of  the  activities 
of  the  Safety  Department  of  the  Westiughouse  Electric  and 
Manufacturing  Co.  of  Pittsburgh,  should  prove  interesting 
as  illustrating  what  one  engineer  is  doing  to  improve  working 
conditions,  for  the  thousands  of  persons  employed  in  this  plant 
and  insure  that  at  the  end  of  their  working  day  they  will  not 
be  returned  maimed  to  their  families. 

1-12.     Guard  of  circular  rip  saw. 

13-15.     Guard  of  cross-cut  saw. 

17.     Hand  crane  guaJf^^^^  against  overturning. 

18—19.     Enierr  wheel  guarded. 

20.  Erposed  gearing. 

21.  Gearing  fully  guarded. 

22.  Belt  guarded. 

23.  Belt  guarded. 

24.  Temporary  belt  guarded. 

25.  Pulley  guarded. 

26.  Belt  in  temporary  lok'atioij   guarded. 

27.  Ele<'tri<'al  hazards  reduced. 

28.  Safe  ban^iling  of  high  tension  fu?es. 

29.  Unusually  haxanlous  part  of  plant  isolated. 

30.  Switches  improperly  guarded. 

31.  Better  practice  in  guarding  switx-hes. 

32.  Switches  conveniently  locked. 

33.  Starting  box  guarded. 
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Operatioxs  Made  Safe. 

3-t.  Suftion  device  for  punch  presses. 

35.  Use  of  suction  device. 

36.  6ame. 

37.  Suction  device  probably  saved  a  hand. 

38.  Other  devices  for  handlincr  punchings. 

39.  Same. 

40.  Punchings  removed  bv  compressed  air. 

41.  Double  suction  device. 

42.  Use  of  double  suction  device. 

43.  Bear  support  of  double  suction  device. 

44.  Guard  of  automatic  feed  press. 
*g-  Fingers  cannot  get  under  guard. 

46.  Operator  protected  from  effect  of  fumes,  and  sprav  of  shellac. 

47.  Simple  tools. 
48-49.     Acid  jug. 

50.  Safe  ladder  s-hoe. 

51.  Safe  practice. 

52.  Girls  well  guarded. 

53.  A  well  ordered  vard. 

54.  A  safe  wav  to  pile  rounds. 

55.  A  neat  reflector  guard. 

56.  The  same. 

57.  A  blood  poisoned  hand. 

58.  Waiting  to  be  treated. 

59.  Operating  room. 

60.  The  way  it  should  be  done. 

61.  Convenient  and  clean. 

62.  Many  plants  have  an  X-ray  machine. 
63-64.     Fire  drills  are  often  practiced. 
65.  The  dining  room. 

It  was  found  early  in  the  development  of  this  work  that 
only  a  .small  reduction  of  accidents  could  be  accomplished  bv 
mechanical  safeguards  alone  and  that  a  campaign  of  educa- 
tion was  needed  to  accomplish  the  results  desired  The  edu 
cational  campaign  has  been  generally  carried  forward  bv 
means  of  safety  committees  made  up  of  men  representin<.  ail 
departments  in  the  plant.  The  value  of  these  committees 
was  early  sensed  and  they  have  become  an  established  adjunct 
in  the  safety  work.     Due  to  these  committees,  probablv  the 
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greatest  benefit  derived  from  accident  prevention  work  in  the 
operation  of  industrial  plants,  has  been  obtained  through  the 
friendly  discussions  of  employees  and  employei*s.  The  loyalty 
of  the  employee  does  not  suffer  when  he  learns  that  his  em- 
ployer has  a  real  concern  in  his  wellfare  and  it  often  comes 
as  a  surprise  to  the  employer  to  learn  of  the  real  interest  many 
of  his  employees  take  in  the  prosperity  of  his  enterprise.  This 
rubbing  of  elbows  about  the  conference  table,  where  matters 
of  mutual  interest  are  considered  in  a  helpful  spirit,  does 
much  to  promote  the  harmonious  feeling  so  desirable  in  our 
industrial  life. 

This  need  of  education  has  not  been  confined  to  the  men, 
for  employer,  superintendent  and  foreman  have  many  times 
been  the  stumbling  blocks  in  getting  results,  even  after  con- 
siderable expense  has  been  incurred  for  this  purpose. 

On  the  premise  that  most  engineering  graduates  eventually 
become  executives  in  industrial  organizations  or  hold  posi- 
tions where  they  have  charge  of  the  design  of  structures  and 
machines,   and  plan  layouts  of  industrial   and   construction 
works,  etc.,  it  is  evident  that  the  fundamental  idea  of  safety 
for  the  workman  should  be  so  incorporated  into  their  thoughts 
in  connection  with  plans  and  processes  as  students,  that  their 
point  of  view  is  established  before  they  arrive  in  positions 
of  responsibility.     Machines   should  be   thoroughly   guarded 
or  as   thoroughly  as   experience   and   iugenuity   allows,   be- 
fore leaving  the  manufacturer,  which  depends  largely  upon 
the  designer.    Men  must  be  lead  to  keep  them  in  the  practice 
of  the  best  methods,  which  leadership  devolves  upon  the  ex- 
ecutive.   The  surroundings  of  men  at  work  must  be  healthful, 
safe  and  convenient ;  in  fact  much  depends  upon  the  engineer 
in  obtaining  the  best  results  in  this  field.     With  this  view  in 
mind,  the  National  Safety  Council  in  the  fall  of  1917  ap- 
pointed a  Committee  on  the  Promotion  of  Safety  Education 
in  Technical  Schools  and  Universities  to  study  this  subject 
and  submit  recommendations  and  this  committee  in  turn  ap- 
pointed sub-committees,  at  meetings  attended  by  representa- 
tives from  faculties  of  Eastern  and  Western  universities. 
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The  following  committee  was  appointed  by  the  National 
Safety  Council: 

Albert  W,  Whitney,  general  manager,  National  "Workman's 

Compensation  Bureau,  Chairman. 
Dexter  S.  Kimball,  dean  of  Sibley  College,   Cornell  Uni- 
versity. 
Arthur  H.  Young,  manager  of  industrial  relations.  Inter- 
national Harvester  Co. 
S.  B.  McCormick,  chancellor.  University  of  Pittsburgh. 
C.  P.   Tolman,  chairman,  Manufacturing  Committee,  Na- 
tional Lead  Co.,  New  York  City. 
At  the  meeting  of  this  committee  at  New  York  City  early 
in  March,   1918,  attended  by  representatives  from  Eastern 
Technical  schools  and  Universities,  the  following  committee 
was  appointed: 

Dexter  S.  Kimball,  dean  of  Sibley  College,  Cornell  Univer- 
sity, Chairman. 
Professor  George  H.  Follows,  Carnegie  Institute  of  Tech- 
nology. 
•  Professor  A.  S.  Kinsey,  superintendent  of  shops,  Stevens 
Institute  of  Technology. 
Professor  F.  P.  McKibben,  Lehigh  University. 
Professor  G.  F.  Blessing,  Swarthmore  College. 
The  following  committee  for  western  universities  was  ap- 
pointed at  a  similar  meeting  in  Chicago,  at  the  end  of  the 
same  month. 

C.  H.  Benjamin,  dean  of  engineering  school,  Purdue  Univ., 

Chairman. 
Pres.  John  T.  Faig,  Ohio  Mechanics  Institute. 
Professor  J.  A.  Poison,  Michigan  Agricultural  College. 
Professor  J.  C.  Roberts,  Colorado  School  of  Mines. 
Professor  F.  H.  Sibley,  University  of  Kansas. 
The  following  committee  was  appointed  to  review  recom- 
mendations made  by  other  committees  and  standardize  prac- 
tices : 
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D.  S.  Beyer,  vice-presideut,  Liberty  Mutual  Insurance  Co., 
Boston,  chairman. 

C.  P.  Tolman,  chairman,  Mfg.  Com.  National  Lead  Co.,  New 
York  City. 

Dexter  S.  Kimball,  dean  of  Sibley  College,  Cornell  Uni-  ^ 
versity. 

R.  J.  Young,  manager.  Department  of  Safety  and  Relief, 
Illinois  Steel  Co.,  Chicago. 

One  of  the  first  questions  coming  before  these  committees 
was  safety  work  in  the  shops  of  technical  schools.  Parenthet- 
ically it  might  be  mentioned  that  shops  in  technical  schools, 
which  should  be  laid  out  with  the  view  to  point  the  way  in 
best  practice,  are  often  woefully  lacking  in  the  simplest  re- 
quirements for  accident  prevention.  Based  on  recommenda- 
tions submitted  the  first  draft  of  a  pamphlet  on  Safeguards 
and  Safe  Practices  in  School  shops  was  issued  in  September, 
1918.  This  pamphlet  or  handbook  which  has  just  been  made 
available  for  distribution  under  the  title  "The  Principles  and 
Practice  of  Safety"  contains  a  discussion  of  safeguards  and 
safe  practices  for  school  shops,  as  well  as  a  number  of  lecture 
syllabi  to  aid  college  professors  in  properly  presenting  the 
general  subject  to  their  engineering  classes.  Being  written 
by  a  staff  of  experts,  aided  and  advised  by  educators  such  as 
those  acting  on  the  above  committees,  it  should  prove  of 
valuable  assistance  in  training  engineering  students  along 
this  line. 

In  this  pamphlet  is  a  list  of  safety  subjects,  with  the  names 
of  men  available  for  a  limited  number  of  lectures.  These  men 
have  been  chosen  on  account  of  their  special  fitness  to  discuss 
tlie  subjects  assigned  them.  The  lectures  can  be  scheduled  by 
correspondence  with  the  manager  of  the  National  Safety 
Council  with  offices  in  Chicago. 

Two  ways  are  suggested  by  which  this  subject  can  be 
handled.  One  is  to  offer  a  course  for  the  training  of  engineers 
for  safety  work ;  the  other  is  for  instructors  giving  courses 
in  which  the  principles  of  safety  apply,  to  incorporate  these 
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principles  into  the  work  given,  in  order  that  all  engineering 
students  may  obtain  a  realization  of  what  is  being  done  in  this 
field. 

A  course  can  be  designed  to  train  men  for  safety  work, 
however  it  would  be  difficult  to  select  students  to  take  the 
course  who  would  be  qualified  to  carry  forward  the  work  after 
graduation.  As  the  following  statement  indicates,  this  work 
has  so  many  ramifications  that  few  men  are  successful  in 
spreading  their  interest  to  cover  all  the  details. 

The  safety  engineer  must  prepare  specifications  for  the 
safety  features  of  all  new  work  and  inspect  all  designs  to  de- 
termine need  for  safety  devices ;  pass  on  the  ones  proposed 
and  if  need  be  furnish  designs  for  devices  that  are  required; 
regulate  plant  operations  in  order  that  safe  practices  will  pre- 
vail ;  educate  not  only  the  men  but  often  the  executives  in 
the  principles  of  safety ;  not  only  look  after  the  welfare  of  the 
workers  while  in  the  plant  but  take  an  active  interest  in  their 
welfare  at  other  times.  The  safety  department  usually  has 
under  its  direction  the  playgrounds  for  children,  the  work  of 
nurses  in  the  plant  and  those  who  visit  the  homes,  the  propa- 
ganda for  interesting  the  workers  in  the  appearance  of  their 
homes,  in  the  planting  of  gardens,  and  development  of  com- 
munity pride  and  responsibility.  Such  work  requires  engi- 
neering judgment,  executive  ability,  tactful  approach  and  a 
heart  full  of  human  interest  and  appreciation.  A  justifica- 
tion, if  one  is  needed  for  this  wide  range  of  activity  has  been 
brought  out,  in  one  instance,  in  connection  with  the  Ameri- 
canization Movement.  The  following  statistics  show  the  re- 
sult in  the  prevention  of  injuries  brought  about  by  the  teach- 
i)ig  of  English  during  the  M^ar  in  the  endeavor  to  Americanize 
the  foreigner. 

The  Ford  Motor  Company  claim  that  injuries  in  its  plants 
were  decreased  54  per  cent,  by  teaching  employees  to  read 
factory  notices  and  understand  instructions. 

The  Semet  Solvey  Company  say  that  they  have  paid  out 
thousands  of  dollars  a  year  for  injuries  which  may  be  traced 


234        TEACHING    SAFETY    IN    ENGINEERING   SCHOOLS. 

directly  to  the  inability  of  the  employee  to  understand 
English. 

The  Federal  Department  of  Labor  reports  that  for  each 
10,000  American  born  workmen  in  a  large  steel  plant  for  a 
period  of  eight  years,  21  were  killed,  and  for  each  10,000  non- 
English-speaking  foreign  born,  26  were  killed.  The  figures 
for  the  permanently  disabled,  28  and  65,  respectively  show 
greater  discrepancy,  and  those  for  the  temporarily  disabled 
858  and  2,035,  one  greater  still.  Moreover,  while  from  year 
to  year,  the  frequency  of  injuries  among  English-speaking 
workmen  decreased,  it  was  much  less  reduced  among  the  non- 
English  speakers;  and  the  average  severity  of  the  temporary 
disabilities  was  greater  among  the  latter. 

It  is  not  necessarily  men  of  great  engineering  ability  that 
are  needed  in  this  field;  it  is  rather  men  who  have  an  abun- 
dance of  sympathy  for  their  fellowman  who  are  needed.  Men 
having  that  fine  fellowship  radiating  from  them  that  every- 
one wants  to  talk  the  matter  over  with  them,  aiid  with  this 
quality  so  ingrained  that  they  are  able  to  detect  it  in  others, 
in  order  that  they  can  accurately  choose  for  their  subordinates 
the  ones  who  will  be  successful  in  this  work.  It  seems  very 
doubtful,  indeed,  whether  young  men  in  college,  at  a  time 
when  they  must  choose  their  course  of  study,  will  be  able 
to  judge  from  a  review  of  their  qualifications,  that  they  are 
fitted  temperamentally  and  otherwise,  to  succeed  in  this  work 
or  whether  work  of  this  kind  will  hold  great  interest  for  them. 

It  would  seem,  therefore,  that  safety  engineers  should  be 
drawn  from  the  ranks  of  technically  trained  men  after  grad- 
uation, and  only  those  selected  who  feel  a  real  interest  in  the 
welfare  of  the  workingman  and  his  family. 

The  best  service  then  that  the  faculties  of  technical  schools 
can  perform  in  this  field,  is  to  instill  into  their  students  the 
realization  that  the  work  they  will  do  after  leaving  school 
will  bear  a  close  relation  to  that  of  others  and  that  their  suc- 
cess as  designers,  layout,  construction  and  production  engi- 
neers, and  executives  will  depend  largely  on  their  making 
provision  for  the  safety  and  welfare  of  the  workmen  on  the  job. 


DEGREES. 

BY  E.  O.  LEUSCHNEE, 
Dean  of  the  Graduate  School,  University  of  California. 

I  know  your  time  is  limited,  and  therefore  I  shall  set  forth 
very  briefly  the  object  of  the  remarks  that  I  wish  to  present 
to  you  this  morning.  The  object  is  to  enlist  your  cooperation 
in  a  task  that  the  Association  of  American  Universities  un- 
dertook a  little  more  than  three  years  ago.  It  relates  to  the 
study  and  development  of  academic  and  professional  higher 
degrees. 

This  problem  confronted  us  on  account  of  the  fact  that  we 
noticed  from  year  to  year  a  growing  demand  for  new  degrees 
in  the  different  professions;  and  that  institutions  proceeded 
to  organize  curricula  and  adopt  new  degrees  in  accordance 
with  their  own  ideas  and  not  with  the  corporation  of  appro- 
priate national  professional  associations,  more  competent  to 
say  what  the  curricula  and  the  degrees  should  be.  And  in 
that  connection  greater  emphasis  was  often  laid  on  the  de- 
grees as  an  inducement  for  students  to  come  than  on  the  rela- 
tion of  the  subject  matter  of  the  curriculum  to  the  degree. 

The  time  seemed  to  have  come  when  we  should  review  the 
activities  of  universities  in  regard  to  curricula  and  degrees 
on  a  large  broad  scale;  not  with  the  idea  of  standardization, 
because  that  would  be  detrimental  to  progress,  but  with  the 
idea  expressed  by  one  of  the  previous  speakers  this  morning 
of  setting  up  some  general  ideals  which  should  be  observed 
in  preparing  the  student  for  a  particular  profession,  and  then 
letting  the  institutions  work  out  the  details  of  these  ideals  and 
finally  culminate  the  curricula  with  proper  degrees  based  on 
common  understanding.  Your  own  Society  has  been  a  leader 
in  this  direction.     In  fact  historically  as  far  as  I  know  you 
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were  the  first  ones  to  recognize  the  important  work  to  be  done 
in  this  direction. 

In  1910  a  committee  of  this  Society  made  a  report  based  on 
a  study  of  existing  curricula  and  degrees.  That  report  has 
been  of  the  utmost  value  to  us  because  it  hit  the  high  places 
as  far  as  the  difficulties  are  concerned  and  served  as  a  standard 
for  the  Committee  of  the  Association  of  American  Universities. 
You  were  followed  in  this  work  very  soon  after  by  the 
American  Medical  Association.  I  suppose  you  are  all  familiar 
with  the  magnificent  results  that  have  been  accomplished  by 
the  study  of  medical  curricula  and  degrees.  The  American 
Medical  Association  has  developed  ideals.  It  has  a  commoi* 
standard,  and  the  curricula  for  medical  schools  have  a  dis- 
tinct standing.  Each  medical  school  has  worked  out  the 
common  ideals  in  its  own  way :  and.  therefore,  the  natural 
competition  such  as  should  exist  with  reference  to  procedure 
in  graduate  study  and  research  still  exists,  and  in  far-t  it  is 
enhanced  by  this  broader  conception  of  ideals  and  working 
them  out  in  different  ways. 

You  yourselves  have  made  some  very  important  recommen- 
dations. 

The  Committee  of  the  Association  of  American  Universities 
has  had  several  meetings,  and  at  these  meetings  had  the  coop- 
eration of  the  more  important  professional  associations,  in 
discovering  the  fundamental  problems  underlying,  all  aca- 
demic and  professional  graduate  activities  of  the  universities. 
It  is  remarkable  how  common  the  difficulties  are  in  all  these 
activities. 

A  university  composed  of  different  colleges  and  schools 
must  naturally  have  a  certain  general  university  policy  with 
reference  to  all  of  its  degrees,  and  it  cannot  let  any  particular 
college  or  school  run  amuck  and  follow  its  own  inclinations 
or  that  of  a  small  group  of  the  faculty  in  setting  up  new  dis- 
tinct curricula  and  degrees.  But  all  schools  and  colleges  of 
an  institution  together,  and  they  generally  do,  through  their 
common  bond. 
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As  far  as  undergraduate  curricula  and  degrees  are  con- 
cerned it  is  difficult  to  accomplish  much  on  account  of  the 
individual  traditions  of  different  institutions;  but  as  far  as 
the  graduate  schools  and  advanced  degrees  are  concerned 
which  are  of  more  recent  date  a  great  deal  of  cooperation  has 
been  secured,  so  that  common  ideals  are  followed  on  the  whole. 

Too  many  degrees  exist.  I  exhibit  here  just  two  pages  of 
degrees  wliich  our  Committee  collected.  They  are  so  numer- 
ous now  that  even  a  university  otficer  has  to  consult  the  Com- 
missioner of  Education  to  find  out  what  these  letters  mean. 

It  is  an  absurdity.  If  we  university  men  do  not  even 
know  what  the  degrees  stand  for  then  what  is  their  national 
significance?  And  after  all  is  it  not  the  main  purpose  of  a 
degree,  aside  from  being  a  certificate  of  the  fulfillment  of 
certain  ideals  of  training.  To  have  a  national  significance 
representative  of  those  ideals  when  an  American  appears  in 
Paris  or  in  London  with  a  certified  degree  from  an  American 
institution  that  he  is  at  once  accorded  his  proper  place. 

Isi  that  possible  today  even  with  you  engineers,  particularly 
with  reference  to  the  engineering  degree?  You  have  to  im- 
mediately ask  the  question  when  you  meet  a  C.  E.,  "Well, 
from  what  institution?"  And  then  you  have  to  compare 
notes.  ■  We  should  strive  at  a  national  significance  of  degrees 
and  should  eliminate  our  own  prejudices  and  preferences  with 
references  to  those  degrees. 

Now,  I  have  been  using  the  word  degree.  We  are  more  in- 
terested in  ideals.  The  fact  is  that  unfortunately  we  cannot 
get  away  from  degrees.  They  have  been  accepted,  and  we  are 
dealing,  using  the  popular  phrase,  with  a  condition  and  not 
a  theory. 

It  would  perhaps  be  far  more  desirable  if  we  could  get  rid 
of  all  degrees  and  have  professional  activities  licensed  on  the 
basis  of  examinations  representing  national  ideals.  But  you. 
of  course,  recognize  that  such  a  plan  would  involve  additional 
difficulties. 

Now  as  to  the  details  of  the  progress  already  made  it  would 
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be  impossible  to  put  that  before  you  today.  I  am  just  trying 
to  give  you  the  spirit  of  our  work.  I  would  like  to  refer  you 
to  the  report  of  our  Committee  as  it  has  been  printed  in  the 
proceedings  of  the  Association  of  American  Universities. 
The  Association  includes  twenty-three  institutions  maintain- 
ing organized  graduate  schools.  The  report  was  presented 
and  discussed  at  the  annual  meeting  of  1916.  We  have  set 
forth  certain  recommendations. 

I  just  wish  to  touch  on  one  or  two  things  in  this  connec- 
tion, and  then  invite  more  specifically  the  cooperation  of  this 
Society. 

At  the  present  time  as  has  been  stated  by  one  of  the  previous 
speakers  there  is  a  tendency  to  introduce  a  certain  number  of 
other  subjects,  presumably  in  liberal  culture  in  addition  to 
engineering  work.  Mind  you,  I  am  not  using  that  term,  be- 
cause having  studied  seven  years  of  Greek  myself  and  nine  of 
Latin,  I  think  there  is  just  as  much  liberal  culture  in  engi- 
neering as  in  these. 

But  subjects  for  broadening  purposes  should  be  included, 
and  it  is  of  course  very  important  that  they  should  be  intro- 
duced, languages  and  economics,  etc.,  so  that  a  man  can  talk 
of  things  outside  of  his  profession  and  become  a  better, 
broader  and  more  useful  citizen  than  if  he  is  a  narrow 
specialists. 

That  applies  to  all,  not  only  to  the  engineer  but  it  applies 
in  particular  to  the  Latinist  for  purposes  of  so-called  general 
culture. 

Adding  other  subjects  has  tended  to  lengthen  the  curricula, 
and  we  have  to  move  the  engineering  subjects  forward.  Five- 
and  six-year  courses  are  in  the  making,  although  you  as  a 
body  have  no  definite  idea  what  they  should  be. 

Why  not  find  out?  Why  not  get  together  and  find  out 
what  the  ideal  engineering  curricula  and  the  engineering 
degrees  should  be? 

Then,  there  is  another  question.  There  has  been  a  distinc- 
tion for  a  considerable  time  between  pure  research  and  ap- 
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plied  research.  The  sensible  scientific  men  of  pure  research 
to  whom  I  think  I  belong,  do  not  recognize  such  a  distinction 
between  pure  and  applied  research.  There  is  no  distinction 
in  scientific  research. 

You  may  lay  emphasis  on  development.  We  may  lay  em- 
phasis on  fundamental  principals.  It  is  all  research  of  the 
same  dignity  and  value.  On  that  account  the  question  has 
arisen  as  to  whether  when  research  is  combined  with  advanced 
training  for  a  profession,  the  practising  profession,  it  would 
not  be  proper  to  have  a  single  research  degree  to  be  all. 

If  your  engineering  degree  is  to  be  a  professional  degree 
and  you  want  a  separate  research  degree  the  question  arises, 
Shall  it  be  Doctor  of  Engineering  or  shall  it  be  Doctor  of 
Philosophy  or  of  Science  ?  Most  of  you  do  not  favor  the  doc- 
tor of  philosophy  for  engineering  research.  But  after  you 
reflect  awhile  you  may  not  feel  as  antagonistic  to  it  if  you 
realize  that  this  degree  has  come  to  stand  for  professional 
training  in  research  in  academic  subjects.  And  see  how  it 
would  simplify  things,  how  it  would  give  a  national  signifi- 
cance to  the  expression  doctor,  and  how  it  would  reduce  the 
number  of  degrees. 

Now,  it  is  very  nearly  eleven  o'clock,  and  while  there  are 
other  important  points  that  I  would  like  to  bring  before  you, 
I  think  you  have  probably  grasped  the  spirit  of  the  work  that 
the  Committee  has  undertaken,  and  for  which  it  asks  your 
cooperation. 

As  Chairman  of  the  Committee  of  the  Association  of  Ameri- 
can Universities,  I  should  very  much  like  to  have  you  appoint 
a  cooperating  committee,  which  would  undertake  a  study  of 
present  conditions  and  present  tendencies  regarding  engi- 
neering curricula  and  degrees  because  just  as  the  Peace  Con- 
ference was  based  on  an  inquiry  made  under  the  direction  of 
Mr.  House — I  do  not  know  how  much  it  has  been  used — any- 
thing you  want  to  propose  must  be  based  on  present  condi- 
tions. You  must  find  out  where  you  stand,  what  the  nature 
of  the  flux  is  that  is  going  on  now,  what  the  ideals  are  that 
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you  wish  to  reach,  and  then  yon  will  come  to  a  common 
understanding. 

And  just  one  word  in  conclusion.  The  Association  of 
American  Universities  has  I  think  been  very  useful  in  the 
development  of  the  common  ideals  of  the  graduate  school,  for 
it  started  at  a  period  of  time  when  the  graduate  school  was  in 
its  infancy.  It  adopted  at  once  the  principle,  that,  no  action 
of  the  Association  should  be  binding  on  the  individual  institu- 
tion. The  ideals  were  defined,  discussed,  and  then  the  senti- 
ment of  the  meeting  tested  by  a  vote,  and  it  has  been  found 
that  this  sentiment  has  been  far  more  binding  than  any  defi- 
nite resolutions  that  could  be  adopted. 

I  thank  you. 

Discussion. 

The  President:  I  did  not  know  the  specific  things  which 
Dean  Leuschner  would  put  before  you,  the  specific  statement, 
but  I  believed  he  would  put  before  you  a  pretty  clear  and 
broad  view  of  the  case,  and  that  the  question  would  be  put 
very  clearly.  Shall  we  have  a  committee  on  degrees  for  the 
coming  year? 

We  have  about  four  minutes  before  we  must  adjourn.  Do 
you  wish  to  discuss  this  paper? 

Professor  Park:  May  I  ask  Dean  Leuschner  if  we  can  get 
copies  of  tliat  repf)rt  on  degrees? 

The  President:  Tlio  (luestion  is  asked.  Dean  Leuschner, 
whether  we  may  get  out  copies  of  that  report  on  degrees. 

Professor  Leuschner  Write  to  Dean  Roble  D.  Salisbury  ( ?), 
University  of  Chicago,  who  is  now  secretary  of  the  Associa- 
tion of  American  TTniversities. 

A.  M.  Greene,  Jr.:  Mr.  President,  in  speaking  regarding  the 
paper  by  Dean  Leuschner  and  also  by  our  past  president,  I 
know  that  most  people  speak  of  trying  out  the  five-  and  six- 
year  course  at  present.  Many  of  us  fail  to  realize  that  a  five- 
year  course  at  least  was  tried  many,  many  years  ago  at  the 
University   of  Pennsylvania.     T   believe   from   the  very  con- 
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ception  of  the  Towne  Scientific  School  in  about  the  year  1876 
the  five-year  principle  was  carried  out. 

The  first  two  years  of  the  course  were  devoted  to  cultural 
subjects,  mathematics,  language,  history,  science,  followed  by 
two  years  of  science,  with  a  slight  amount  of  engineering, 
ending  with  the  degree  of  bachelor  of  science.  Then  fol- 
lowed a  postgraduate  year,  the  fifth  year  so-called,  in  which 
the  work  was  absolutely  along  one  of  the  five  lines  of  engi- 
neering. 

The  last  class  to  follow  that  scheme  was  the  Class  of  1901, 
a  four-year  course  having  been  organized  in  1890  or  1893. 
I  think  it  was  1890. 

The  success  of  the  four-year  course  was  merely  an  economic 
result.  The  students  could  not  afford  and  would  not  afford 
the  five-year  course,  and  so  the  five-year  course  practically 
disappeared. 

The  five-year  course  is  not  a  new  thing.  It  is  an  old  thing 
and  well  tried  out,  and  it  had  many,  many  advantages.  Men 
trained  at  first  were  trained  along  general  lines  and  then 
along  the  specific  lines  of  their  own  choice. 
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VOCATIONAL  CORRELATION. 

BY  O.  J.  FERGUSON, 
Acting  Dean,  Professor  of  Electrical  Engineering,  University  of  Nebraska. 

Many  studies  have  been  made  and  figures  tabulated  show- 
ing' the  very  serious  replacement  factor  for  labor  in  industrial 
organizations.  Some  large  concerns  have  gone  through  the 
experience  of  having  to  hire  during  one  year  a  number  of 
workmen  equal  to  the  maximum  number  of  employes  engaged 
at  any  one  time.  Such  a  100  per  cent,  turn  over  is  woefully 
draining.  It  is  extravagant,  for  it  costs  from  a  few  dollars 
up  to  two  or  three  hundred  dollars  to  hire  a  new  man.  break 
him  in.  pay  for  his  inefiScient  development  period  in  spoiled 
work,  slow  production  and  interest  on  value  of  equipment 
tied  up.  We  have  recognized  that  the  problems  of  "hiring- 
and-firing"  are  real  and  oftentimes  vital.  The  drift  of  labor 
from  job  to  job  is  appalling,  and  much  has  been  said  and  done 
to  relieve  the  situation. 

There  are  striking  parallels  and  contrasts  between  the  case 
of  the  lobarer  and  the  case  of  the  college  trained  technical 
man.  "When  the  laborer  becomes  dissatisfied  with  his  work 
he  moves  on  to  another  place  where  he  does  the  same  kind  of 
work,  in  the  same  way,  or  he  may  without  very  great  effort 
change  his  occupation  and  do  better  or  do  worse.  He  will 
generally  go  adrift  again.  But  the  rut  is  deeper  for  the  man 
who  has  painfully  prepared  himself  to  practice  a  profession, 
and  even  a  mediocre  success  binds  him  to  emplojinent  which 
he  may  never  be  able  to  do  well.  The  laborer  is  restless, 
roving  and  desultorily  ineffective;  the  professional  man  is 
lingering,  stumbling  and  continuously  impotent.  Society  suf- 
fers doubly  in  each  case  because  of  a  piece  of  work  poorly 
done,  and  because  of  a  man  not  well  employed.  Although 
the  professional  man  cannot  be  so  easily  tabulated  as  the 
drifter,  his  case  is  more  serious  than  that  of  the  laborer. 
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We  have  numerous  examples  of  attempts  made  along  dif- 
ferent lines  to  aid  men  while  in  school  to  find  themselves. 
Data  are  accumulating,  from  the  colleges,  from  corporation 
schools  and  the  industry,  as  well  as  from  the  United  States 
Army.  There  must  be  a  scientific  study  made  of  the  results 
secured. 

In  order  to  do  this,  a  definite  program  should  be  laid  out 
by  the  Society  for  the  Promotion  of  Engineering  Education. 
A  committee  should  be  appointed  to  correlate  the  work  and 
analyze  the  records  of  all  parties  concerned.  It  should  go 
farther  and  suggest  studies.  Through  this  committee  the 
society  should  proceed  cautiously,  but  constructively,  to 
determine — 

{a^  How  far  the  essential  qualifications  for  any  kind  of 
professional  engineering  employment  can  be  recognized  and 
tabulated : 

(&)  How  far  these  qualifications  may  be  discovered  in 
trained  individuals,  other  than  by  the  long,  trial  process ; 

(c)  How  far  the  qualifications  may  be  perceived  in  their 
embryonic  stages ; 

(d)  The  most  reliable  and  productive  processes  of  testing- 
and  sorting  men,  and  placing  them ; 

(e)  What  time  element  is  necessary  to  these  determinations. 
It  is  the  province  and  duty  of  the  S.  P.  E.  E.  to  undertake  a 

study  of  these  stupendous  problems  of  vocational  allocation 
in  the  true  spirit  of  research, — in  fear  and  trembling,  perhaps, 
as  to  immediate  issue,  but  in  hope  and  faith  as  to  th;^  some- 
time beneficial  effect.  "VTe  may  expect  results  though  we  can 
never  reach  conclusions. 

I.  therefore,  propose  that  the  S.  P.  E.  E.  appoint  a  perma- 
nent Committee  on  Vocational  Correlation  ( ?)  whose  duty  it 
will  be  to  study,  analytically  and  synthetically,  the  correla- 
tions existing  among  (1)  men's  natural  aptitudes,  (2)  their 
developmental  process  and  (3)  their  professional  engineering 
careers. — having  in  mind  the  establishing  of  broad  funda- 
mentals in  vocational  guidance  during  formative  periods. 


HIGHWAY  TRANSPORT  ENGINEERING. 

BY  ARTHUK  H.  BLAXCHAED, 
President,  National  Highway  Traffic  Association. 

The  phenomenal  development  of  highway  transportation  in 
the  United  States  has  created  a  demand  for  men  having 
knowledge  of  and  trained  in  a  new  technical  field,  which  may 
be  designated  highway  transport  engineering.  Fundamen- 
tally, this  branch  of  engineering  deals  with  the  science,  art, 
economics  and  business  of  highway  transportation  of  pas- 
sengers and  commodities.  In  the  opinion  of  some,  highway 
transport  may  not  be  considered  as  belonging  to  the  field  of 
technical  training  and  education.  On  sober  thought,  how- 
ever, it  will  be  seen  that  this  branch  of  knowledge  comes  well 
within  the  classic  definition  of  engineering  embodied  in  the 
Royal  Charter  of  the  Institution  of  Civil  Engineers  of  Great 
Britain,  which,  in  part,  is  as  follows:  "The  art  of  directing 
the  great  sources  of  power  in  nature  for  the  use  and  conve- 
nience of  man  as  the  means  of  production  and  of  traffic  in 
states  both  for  external  and  internal  trade.'' 

Before  discussing  the  subjects  which  should  be  included  in 
a  technical  course  for  highway  transport  engineers,  a  brief 
resume  of  the  development  of  motor  transport  and  highway 
improvement  in  England  and  the  United  States  will  be  pre- 
sented in  order  to  give  some  indication  of  the  possible  demand 
for  men  trained  in  highway  transport  engineering. 

In  England,  the  improvement  of  the  main  county  roads 
preceded  the  development  of  highway  transport.  When 
transportation  of  heavy  loads  of  commodities  over  highways 
was  inaugurated  prior  to  1S90.  England  did  not  have  to  wait 
for  the  construction  of  highway  systems,  with  the  result  that 
rapid  growth  of  highway  transport  took  place.  As  early  as 
1891,  Fletcher,  an  English  author,  in  writing  on  "Transpor- 
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tation  on  Common  Roads."  considered  some  of  the  classes  of 
highway  transport  now  under  discussion  in  the  United  States 
and  cited  many  instances  of  conflict  between  highway  author- 
ities and  highway  transport  interests  regarding  some  of  the 
fundamentals  of  highway  design.  The  writer,  while  investi- 
gating highway  transport  in  England  in  1909  and  1910,  en- 
countered the  same  problems  with  reference  to  highway  trans- 
portation and  legislation  that  exist  in  this  country  today.  In 
1910,  Henry  B.  Drowne  and  the  writer  prepared  a  paper  on 
"English  and  American  Highway  Traffic  Regulations,"  in 
which  the  English  traffic  laws  of  1896  and  1903  were  referred 
to  with  special  reference  to  weights,  speeds  and  dimensions 
of  motor  vehicles  and  trailers.  Pratt,  in  1912,  in  his  treat- 
ment of  the  subject  of  inland  transport  in  England,  pre- 
sented many  of  the  phases  of  the  problem  now  confronting 
us  with  reference  to  what  he  called  "Back  to  the  Land  Move- 
ment." It  is  evident  that  a  thorough  study  of  English  high- 
way transport  methods  and  legislation  would  be  of  material 
benefit  to  American  engineers  and  traffic  managers  who  are 
striving  to  develop  efficient  highway  transportation. 

During  the  past  decade,  the  United  States  has  witnessed 
a  rapid  growth  in  the  utilization  of  the  motor  vehicle  as  indi- 
cated by  a  registration  of  125,000  motor  vehicles  in  1908  and 
6.146.617  in  1918.  While  in  1908,  a  motor  truck  was  rarely 
seen  on  American  highways,  in  1918  not  less  than  600.000 
were  in  use  in  the  United  States,  motor  trucks  constituting 
from  ten  to  twenty  per  cent,  of  the  registered  motor  vehicles 
in  the  several  States.  Highway  improvement  has  not  kept 
pace  with  the  increase  in  the  utilization  of  motor  vehicles. 
The  fundamental  basic  axiom  that  economic  highway  trans- 
port is  impossible  without  good  roads  should  be  fully  recog- 
nized. A  review  of  the  present  status  of  highway  improve- 
ment in  the  United  States  indicates  that  there  are  about 
2.500.000  miles  of  rural  highways ;  that  12  per  cent,  are  classi- 
fied as  improved ;  and  that  about  one  fourth  of  one  per  cent, 
are  suitable  for  trunk  highway  motor  truck  traffic.  Highway 
conditions  will  be  materially  improved  during  the  next  decade 
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as  is  indicated  by  the  1919  appropriations  of  $500,000,000  for 
highway  improvements  and  the  widespread  demand  for  the 
construction  of  a  system  of  50,000  miles  of  national  highways 
by  the  federal  government  under  the  direction  of  a  national 
highway  commission. 

The  breadth  of  training  for  highway  transport  engineers 
should  be  far  more  comprehensive  than  has  been  considered 
necessary  for  many  technical  branches.  Breadth  of  knowl- 
edge is  essential  from  a  utilitarian  viewpoint,  as  the  highway 
transport  engineer  must,  in  many  fields,  deal  with  social  and 
economic  conditions  and  must  always  have  before  him  the 
fundamentals  of  sound  business  methods. 

Comprehensive  courses  in  highway  transport  engineering 
should  include  the  following  business  and  engineering  sub- 
jects in  addition  to  the  usual  fundamental  humanistic,  and 
pure  and  applied  science  courses  contained  in  an  engineering 
curriculum :  Economies,  political  economy,  social  science, 
commercial  geography,  agricultural  economics,  business  and 
contract  law,  scientific  management,  business  organization  and 
administration,  cost  accounting,  interstate  commerce,  market- 
ing and  distributing  systems,  economics  of  railroad  engineer- 
ing, shop  work  on  wood  and  metal,  machine  elements,  mechan- 
ics of  machinery,  fundamentals  of  thermodynamics,  gas  and 
other  engines,  and  electrical  engineering,  including  ignition, 
starting  and  lighting. 

The  highway  transport  engineer  or  manager  should  have 
a  knowledge  of. all  of  the  following  special  subjects: 

1.  Development  and  Economics  of  Highwaij  Transport. — 
History  of  American  Transportation  and  Rural  Develop- 
ment. English  highway  transport  methods  and  legislation. 
Interrelationship  of  highway,  railway  and  waterway  trans- 
portation including :  Influencing  factors  of  distances,  rates, 
kinds  of  freight,  equipment.  Port,  terminal  and  warehouse 
facilities.  Interrelationship  of  highway  transport,  good  roads 
and  rural  development.  "Back  to  the  Farm"  movement, 
which  is  a  function  of  three  fundamentals,  namely,  building 
of  systems  of  good  roads,  utilization  of  highway  transport. 
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and  establishment  of  economic  distribution  from  producer  to 
consumer. 

2.  American  Highway  Traffic  Legislation. — National,  state, 
county,  township  and  municipal  laws,  licenses^  taxes  and 
traffic  regulations,  especially  those  covering  speeds,'  weights 
and  dimensions  of  motor  trucks,  trailers  and  motor  busses. 

3.  Fundamentals  of  Highway  Engineering  Affecting  Eco- 
nomic Highway  Transport  Including. — Administration  of 
highway  departments;  highway  systems;  traction  and  effects 
of  different  types  of  traffic  on  the  several  kinds  of  roads  and 
pavements;  location,  drainage,  foundations,  grades,  curves, 
widths  and  shoulders  of  highways  as  affecting  economic  high- 
way transport;  characteristics  of  different  kinds  of  roadway 
with  particular  reference  to  traction ;  snow  removal ;  guard 
rails,  culverts  and  bridges;  highway  signs. 

4.  American  Highway  Transport  Methods. — Comparison  of 
horse  and  motor  transport,  municipal  haulage,  municipal 
delivery  systems,  store  door  delivery,  inter-city  haulage,  long 
and  short  haulage  outside  of  cities,  rural  motor  express,  re- 
turn loads  bureaus,  motor  truck  parcel  post,  plant  and  factory 
haulage,  army  transport  methods,  horse  transportation 
methods.  Efficient  methods  of  packing,  handling,  loading  and 
unloading  raw  and  manufactured  materials.  Highway 
transport  management.  Fundamentals  of  cost  of  highway 
transport,  cost  and  record  systems.  Organization  of  motor 
haulage  companies.     Labor  for  highway  transport. 

5.  Transport  Surveys,  being  investigations  of  highway 
routes,  highway  transport  legislation,  traffic  regulations,  rural 
and  urban  transportation  opportunities,  competing  carriers 
including  railway,  waterway  and  other  highway  transport 
facilities,  and  all  other  factors  which  may  affect  the  trans- 
portation business  which  it  is  intended  to  establish. 

6.  Motor  Trucks,  Motor-Buses,  Tractors,  and  Trailers. — 
Mechanism,  operation,  inspection,  maintenance,  repairs  and 
cost  data.  Adaptability  of  different  types  of  trucks  and 
bodies.  Disadvantages  of  overloading  and  overspeeding.  Eco- 
nomic utilization  of  tractors  and  trailers.     Garages.     Acces- 
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sories,  such  as  tires,  fuels,  lubricants  and  mechanical  devices. 
The  writer  is  of  the  opinion  that  automotive  engineering  sub- 
jects should  be  given  through  the  medium  of  lecture  labora- 
tory and  field  courses. 

Highway  transport  engineering  courses  may  be  offered  by 
technical  institutions  by  utilizing  several  educational  agencies. 

First,  the  courses  may  constitute  third  and  fourth  year 
options  in  the  civil,  mechanical  or  general  engineering  cur- 
riculum. The  fundamentals  of  the  special  subjects  outlined 
in  paragraphs  (1)  to  (6)  may  be  given  in  six  three-hour 
semester  courses.  A  review  of  the  curricula  of  the  three  engi- 
neering courses  mentioned  indicates  that  eighteen  semester 
hours  may  be  assigned  in  the  third  and  fourth  years  to  high- 
way transport  engineering  without  eliminating  any  funda- 
mental engineering  courses. 

Second,  a  complete  highway  transport  engineering  cur- 
riculum may  be  arranged  similar  to  the  curricula  of  civil, 
mechanical  and  electrical  engineering  courses.  Such  a  course 
should  include  all  of  the  humanistic,  pure  and  applied  science, 
business,  engineering  and  special  courses  previously  enumer- 
ated. In  this  connection,  it  should  be  pointed  out  that  a  four- 
year  course  devoted  to  highway  transport  engineering  and 
highway  engineering  would  provide  an  admirable  foundation 
for  men  entering  either  field  of  engineering.  Broadly  trained 
highway  engineers  should  have,  in  addition  to  the  training  in 
the  fundamental  humanistic,  scientific  and  technical  courses, 
a  knowledge  of  highway  engineering,  of  the  vehicles  using 
highways,  and  of  methods  of  highway  transport. 

Third,  technical  institutions  may  offer  graduate  engineering 
courses,  which  should  be  advanced  specialized  courses  de- 
signed primarily  for  men  who  have  taken  a  first  degree  in 
arts,  science  or  engineering,  who  have  acquired  a  knowledge 
of  the  fundamental  principles  upon  which  such  advanced 
courses  are  based,  and  who  have  had  a  certain  amount  of  ex- 
perience in  engineering  work.  It  is  evident  that  such  courses 
should  be  given  under  such  conditions  that  it  will  be  prac- 
ticable for  engineers  and  others  engaged  in  highway  trans- 
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port  to  take  advantage  of  the  opportunities  offered.  While 
the  usual  type  of  one-term  or  one-year  graduate  course  may 
prove  of  value  in  some  institutions,  the  writer  is  of  the  opin- 
ion, based  on  an  experience  with  graduate  courses  for  prac- 
ticing engineers  extending  over  a  period  of  five  years,  that 
courses  given  in  a  concentrated  form  in  short  periods  consti- 
tute the  most  efficient  method  of  meeting  the  demand  of  prac- 
ticing engineers  for  advanced  technical  training.  As  a  defi- 
nite indication  of  the  demand  for  such  courses,  it  is  of  inter- 
est to  note  that  during  a  period  of  five  years  there  were  229 
registrations  in  the  graduate  course  in  highway  engineering 
at  Columbia  University  in  which  all  subjects  were  given  in 
periods  of  from  two  to  three  weeks.^ 

While  advocating  the  introduction  of  undergraduate  and 
graduate  courses  in  highway  transport  engineering,  the  writer 
wishes  to  place  himself  on  record  as  opposed  to  educational 
institutions  offering  such  courses  unless  their  financial  re- 
sources are  such  that  they  can  secure  specialists  to  give  such 
courses  and  provide  the  necessary  laboratory  and  field  equip- 
ment. Also  it  should  be  emphasized  that  duplication  of  spe- 
cialized courses  in  institutions  located  in  the  same  geograph- 
ical section  of  the  country  should  be  avoided.  If  this  recom- 
mendation was  universally  adopted,  educational  resources 
could  be  conserved  with  resulting  economy  and  material  in- 
crease in  the  efficiency  of  specialized  courses.  It  is  believed 
that  the  high  cost  of  the  necessities  of  life  with  the  resulting 
demand  that  salaries  of  educators  be  materially  increased  will 
force  many  institutions  to  seriously  review  their  educational 
programs  and  to  determine  the  fields  in  which  they  can  best 
serve  their  communities  and  most  efficiently  fulfill  their  mis- 
sion in  the  nation's  educational  system. 

1  For  a  further  discussion  of  this  subject,  see  the  writer's  paper  en- 
titled "Graduate  Courses  for  Practicing  Engineers,"  1916  Proceedings, 
Society  for  the  Promotion  of  Engineering  Education. 
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"Were  we  to  seek  an  answer  to  the  question,  what  is  the 
fundamental  impelling  force  in  intellectual  advancement,  we 
would  doubtless  find  it  in  ' "  man  thinking, ' '  for  man  thinking 
is  man  progressing,  man  developing,  man  perfecting.  The 
act  of  perfecting  is  primarily  a  volitional  act.  The  question 
then  resolves  itself  into,  how  may  we  best  cause  man  to  first 
conceive  of  the  real  value  of  this  endowment  and  then  to  find 
continued  delight  in  its  exercise. 

Engineering  has  long  been  known  as  an  attractive  subject. 
Engineering  students  usually  work  harder  than  those  taking 
a  general  course  of  study  such  as  one  in  the  liberal  arts  espe- 
cially when  the  latter  is  taken  with  no  specific  aim  in  "s^ew. 
Engineering  students  do  not  burn  their  books  nor  do  they 
leave  their  lecture  notes  behind  them  when  they  are  gradu- 
ated from  the  college  or  university:  There  is  a  spirit  of 
greater  permanency  surrounding  their  work.  It  appears 
that  engineering  teachers  have,  as  a  rule,  rested  on  this  im- 
portant advantage  over  general  courses  of  study.  Engineers 
are  not  in  the  habit  of  analyzing  their  work  as  teachers  in  the 
same  logical  and  scientific  manner  that  they  apply  to  their 
engineering  problems:  They  are  less  rational  and  more  em- 
pirical in  their  teaching  methods.  Dr.  Mann*  makes  the 
statement  that  of  the  group  of  representative  colleges  investi- 
gated in  his  report,  "38  per  cent,  of  the  professors  spend  no 
time  at  all  in  study  to  increase  their  understanding  of  edu- 
cational methods."  "only  2  per  cent,  spending  more  than  10 
per  cent,  of  their  time  in  this  manner."     This  condition  is 
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not  strange  when  we  realize  that  the  engineer  is  not  required 
to  spend  a  single  hour  of  special  training  for  teaching  in 
order  to  receive  a  teaching  position.  Most  engineers  assume 
the  vocation  of  teaching  either  directly  after  graduation  from 
a  technical  college  or  after  spending  a  term  of  years  in  pro- 
fessional practice.  Selections  for  directing  positions  are 
usually  based  solely  on  success  in  private  practice.  Fre- 
quently this  very  success  draws  attention  and  energy  away 
from  the  work  of  teaching.  Was  it  not  Dr.  Swain  who  first 
w^arned  us  that  we  must  be  first  teachers  and  then  engineers? 

The  sciences  of  education  and  of  psychology  are  almost 
entirely  devoted  to  the  consideration  of  the  child.  Genetic 
psychology  should  certainly  be  studied  by  all  who  would 
profess  a  knowledge  of  these  subjects  but  why  stop  with 
adolescence?  Every  college  of  education  maintains  a  course 
in  general  methods.  Why  not  offer,  in  some  of  these  colleges, 
courses  in  which  a  critical  study  is  made  of  laboratory  meth- 
ods in  engineering  and  of  similar  subjects  that  are  of  direct 
interest  to  engineering  teachers  and  in  which  actual  and 
reliable  tests  could  be  made  of  different  phases  of  engineering 
teaching  and  results  arrived  at  in  that  scientific  manner 
which  becomes  an  engineer  and  thus  enable  the  teaching  engi- 
neer to  secure  a  definite  basis  for  his  method  of  teaching. 
Especially  well  could  this  be  done  during  the  summer  session. 
Dr.  Mann  has  pointed  out*  the  absolute  necessity  for  the 
scientific  construction  of  future  engineering  curricula.  This 
opens  a  new  and  fruitful  field  for  experimental  psychology 
and  experimental  pedagogy  and  it  is  believed  that  soon  some 
alert  and  progressive  university  will  accept  the  opportunity 
usefulness  in  this  line  offers. 

Whenever  the  shortcomings  of  our  work  in  teaching  engi- 
neering have  been  bared  the  concern  seems  to  have  been 
almost  altogether  with  individual  courses  of  study  or  with 
the  teachers;  too  little  concern,  it  seems  to  the  speaker,  has 
been  evidenced  with  the  student  to  determine  how  he  func- 
tions or  rather  just  why  he  does  not  function.     Regarding 

*  "A  Study  of  Engineering  Education,"  pp.  56  and  57. 
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Students,  Emerson  says  "we  do  not  give  them  a  training  as 
if  we  believed  in  their  noble  nature."  It  is  not  sufficient  to 
fill  the  student  with  facts  nor  is  this  primarily  very  impor- 
tant. Importance  rests  in  the  interconnection  of  facts.  The 
student  should  add  some  of  his  own  individuality  to  the 
world's  stock  of  ideas.  He  should  be  led  to  make  over  what 
he  hears  and  reads  into  a  product  of  his  own.  It  should 
become  a  part  of  himself.  He  does  not  really  know  a  subject 
unless  he  can  use  it.  He  should  be  led  to  have  opinions,  to 
state  them  and  to  put  them  into  action.  We  must  develop 
the  thought  that  is  vague  in  the  student's  mind:  The  thought 
may  be  sure  but  it  needs  some  nuture,  some  open  channel 
for  action.  "The  measure  of  the  teacher's  success."  says 
Osborne,  "is  the  degree  in  which  ideas  come,  not  from  him 
but  from  his  pupils."  Dr.  Swain  in  his  excellent  little 
treatise  on  "How  to  Study,"  addressed  to  the  student,  shows 
clearly  that  he  had  this  idea  in  mind. 

TVe  come  back  now  to  our  original  question:  How  may  we 
secure  "student-thinking"?  It  does  not  matter  materially 
whether  that  thinking  is  done  along  one  channel  or  another 
so  long  as  it  shall  be  "productive  thinking"  as  Huxley  puts 
it,  or  "inventive  thinking"  as  Eliot  expresses  it,  or  as  Pro- 
fessor Angel  defines  reasoning,  "purposive  thinking."  The 
problem  before  us  is  to  cause  the  student  to  acquire  those 
faculties  that  permit  him  to  examine  data  with  discrimination 
and  apprehend  facts,  to  make  precise  comparisons  and  see 
existing  relations,  to  draw  accurate  inferences  and  compre- 
hend all  the  conditions  involved,  to  exercise  judgment  and  to 
solve  problems.  In  order  that  he  may  do  these  things,  we 
nuist  first  cause  him  to  become  interested  in  mental  occupa- 
tion in  order  that  he  may  concentrate  his  attention.  He 
must  receive  some  motive  power  to  cause  him  to  acquire  a 
degree  of  enthusiasm.  "We  attend  to  that  in  which  we  are 
interested :  that  which  has  excited  in  us  a  motive  for  ^ts  con- 
sideration. All  voluntary  activities  are  directed  toward  some 
definite  end,  the  attainment  of  which  we  consider  of  value. 
Long  and  hard  consecutive  thinking  absolutely  requires  some 
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personal  initiative  and  there  must  be  a  motive  for  this  com- 
pelling action  of  the  will.  Until  thought  is  linked  with  pur- 
pose there  is  no  intelligent  accomplishment.  The  efferent 
processes  must  be  developed;  we  have  paid  all  attention  to 
the  afferent  processes. 

Formerly  it  was  thought,  and  to  a  great  extent  the  opinion. 
is  still  maintained,  that  manual  training  derives  its  virtue 
directly  from  the  motions  made.  It  was  said  "the  mind  is 
taught  through  the  hand"  therefore  it  made  little  difference 
what  sort  of  work  was  done  so  long  as  the  motions  were 
executed.  While  Comenius  was  the  first  to  bring  out  the 
educational  value  of  manual  training,  and  Eousseau  and 
Pestalozzi  laid  much  stress  upon  providing  this  kind  of  exer- 
cise, Froebel  was  the  first  to  indicate  the  true  significance  of 
manual  occupations.  He  made  practical  applications  of  the 
view  that  the  mind  is  "productive  and  creative."  Children 
Avere  expected  to  "think  and  do."  "We  now  understand  that 
the  virtue  of  the  work  is  largely  in  retaining  attention  and  in 
starting  the  thought  process  and  therefore  we  must  agree 
that  the  sort  of  work  done  has  a  vital  influence  on  the  estab- 
lishment of  the  thought  process.  A  healthy  interest  must 
therefore  be  aroused.  Shakespeare  has  Lucentio  say  to 
Tranio  "No  profit  grows  where  is  no  pleasure  ta'en:  In  brief, 
Sir,  study  what  you  most  affect,"  and  in  contemporary  litera- 
ture. Winston  Churchill  writes  "the  whole  attitude  toward 
life  should  be  changed  that  life  should  appear  a  bright  thing 
rather  than  a  dark  thing,  that  labour  should  be  willing, 
vicarious,  instead  of  forced  and  personal." 

Interest  is  a  function  of  the  mind ;  its  nature,  as  well  as 
its  intensity  varies  with  the  age,  environment,  and  mental 
development  of  the  person ;  its  nature  follows  closely  the 
order  of  development  of  the  intellectual  organism,  i.  e.,  from 
the  lower  to  the  higher  levels.  The  sensory  areas  of  the 
brain  function  first,  then  the  motor  areas  and  lastly  the 
higher  levels  which  involve  the  reasoning  powers.  The  devel- 
opment of  the  higher  centers  depends  upon  that  of  the  lower. 
It   is   clear   therefore   that   the  nature   of  the  stimulii   that 
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arouse  interest  in  college  students  differs  fundamentally  and 
widely  from  that  which  similarly  affects  pupils  of  the  high 
schools  and  grade  schools.  The  interest  that  is  desired  for 
college  men  is  not  that  which  makes  a  subject  entertaining 
but  that  which  holds  the  student  to  his  task  until  it  is  com- 
pleted. Nothing  is  worth  doing  in  mature  life  that  is  with- 
out details  that  are  dull.  In  the  latter  sense,  President 
Sehurmann  speaks  of  interest  as  the  greatest  word  in  edu- 
cation, and  Dr.  De  Garmo  says  "The  physical  and  mental 
satisfactions  growing  out  of  them  (interests  in  problems  of 
life  lend  to  labors  that  to  us  would  be  repulsive,  a  joy  that 
makes  even  such  a  life  worth  living." 

It  has  long  been  recognized  in  manual  training  that  there 
is  a  natural  tendency  to  seek  repetition  of  those  stimuli  that 
give  satisfaction  to  the  orgajiism.  The  satisfaction  comes 
from  the  ability  to  do.  It  can  be  shown  that  a  like  satis- 
faction exists  in  repeating  non-manual  intellectual  processes 
along  lines  familiar  to  the  student.  TVe  are  interested  in 
what  is  familiar  to  us  and  find  pleasure  in  perfecting  our 
knowledge  along  such  lines.  ^Vagnerian  music  is  not  gen- 
erally popular,  but  appreciation  of  it  grows  with  repetition, 
and  if  one  makes  himself  familiar  with  the  drama  and  the 
motiva  before  hearing  the  opera  it  is  appreciated  much  more. 
No  man  will  have  initiative  in  a  certain  line  until  he  has  some 
knowledge  along  that  line.  Therefore,  to  keep  interest  alive 
in  any  subject  we  must  develop  the  thought  process  from  the 
familiar  to  the  unknown.  We  find  here  one  factor  in  our 
vitalizins  principle.  It  will  be  seen  that  we  are  reversing 
the  usual  process  in  that  we  first  observe  effect  and  then  seek 
the  cause:  a  deductive  process.  "We  are  substituting  an  an- 
alytical for  a  synthetical  method.  This  consideration  sets  up 
a  "felt-need"  as  Dean  Akeley  calls  it.*  Recently  Columbia 
University  recognized  this  idea  when  the  method  jf  present- 
ing the  subject  of  history  was  entirely  changed.  Hereafter 
the  histori'  course  at  Columbia  will  start  with  contempo- 
raneous history  and  the  causes  for  the  present  state  sought  by 
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going  backward  step  by  step.  The  tendency  to-day  is  to 
study  campaigns  less  and  institutional,  social,  racial  and  eco- 
nomic causes  and  effects  of  wars  more. 

The  speaker  has  used  this  principle  for  a  number  of  years 
in  teaching  machine  design.  The  subject  being  considered 
from  the  point  of  view  of  stress  applied,  factors  of  safety 
allowed,  etc.,  while,  at  the  same  time,  the  student  was  start- 
ing the  study  of  applied  mechanics.  The  theoretical  reasons 
which  were  the  basis  for  the  formulae  used  were  more  com- 
pletely developed  in  the  study  of  the  applied  mechanics.  In 
a  like  manner  the  work  in  heat  engines  was  developed. 

The  second  factor  follows  logically.  It  has  been  the  prac- 
tice, in  treating  with  technical  subjects  to  present  them  first, 
theoretically  and  then  give  practical  illustrations.  It  fre- 
quently happens  under  this  procedure,  that  when  the  time 
for  the  application  has  arrived,  the  student  has  forgotten 
much  of  the  underlying  theory.  This  is  due  to  the  lack  of 
connection  in  the  learning  process  between  the  known  and 
the  unknown.  A  preliminary  step  has  been  used  by  the 
speaker  which  has  proven  to  be  a  success.  He  presents  tech- 
nical subjects  by  emphasis  first  upon  their  functional  mean- 
ing, then  by  consideration  of  the  underlying  theory,  and 
finally  by  more  complete  and  extensive  applications  of  that 
theory.  For  example,  in  teaching  the  subject  of  heat  engines  ; 
problems  involving  the  construction  and  operation  of  steam 
engines,  boilers,  etc.,  are  first  considered,  then  the  thermody- 
namics is  given  and  finally  such  subjects  as  steam  engine 
design  and  gas  power  engineering  are  taken  up.  In  order  to 
follow  this  method  it  is  always  necessary  to  rearrange  the 
order  of  the  subject  matter  as  given  in  any  textbook  that  is 
used  in  courses  of  this  kind.  This  method  has  been  used  by 
the  speaker  for  nine  years.  The  same  idea  may  be  employed 
in  other  subjects  such  as  machine  design  in  which  the  subject 
would  be  treated  first  in  an  empirical  manner.  This  idea  is 
also  the  basis  of  the  "case  system"  of  studying  law.  In 
President  Pritchett's  introduction  in  ]Mann's  report*   com- 
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meuting  on  the  application  of  the  "case  system"  he  says:  "It 
wrould  lead  the  student  from  practical  applications  by  analysis 
to  a  comprehension  of  theory,  instead  of  from  theory  to  appli- 
cations as  under  present  methods  of  teaching."  Dr.  ^lann 
in  this  report  commends  very  favorably  the  use  of  this  idea 
as  exemplified  by  Professor  More.  He  says:*  "'The  con- 
ventional course  (in  mechanics)  begins  with  the  statement  of 
definitions  and  deduction  of  general  principles,  followed  by 
the  solution  of  typical  problems.  Professor  More  begins  by 
asking  the  student,  for  example,  to  report  on  the  safety  of 
the  sheet  piling  in  a  certain  cofferdam  whose  dimensions  and 
location  are  pictured  and  described.  Theory  and  principles 
are  worked  out  and  proved  as  they  are  needed  to  solve  the 
problem."  He  further  states  that  the  success  of  this  "com- 
plete reversal  of  the  conventional  order"  has  caused  the 
entire  department  of  civil  engineering  to  adopt  its  method. 

The  third  factor  involves  ''complete  learning,"!  that  is, 
through  mastery  of  the  subject  the  first  time  it  is  taken  up, 
at  least  from  the  one  point  of  view.  Experimental  data  shows 
this  method  of  learning  to  be  the  most  efficient.  Productive 
work  of  any  kind  presupposes  a  certain  mastery  of  the  sub- 
ject. This  mastery-  of  an  elementary  step  not  only  increases 
the  interest  of  the  student  but  also  increases  his  stock  of 
ideas  on  that  subject.  This  leads  to  production.  Lack  of 
thorough  understanding  of  one  step  befogs  and  bewilders  the 
mind  of  the  student  when  the  next  step  is  taken  up  and  leads 
to  discouragement. 

Professor  Karapetoffl  has  represented  the  last  two  factors 
in  what  he  terms  his  "concentric  method"  in  which  he  t-akes 
up  a  subject  first  in  a  very  broad  way,  then  he  covers  the 
same  subject  from  a  more  and  more  restricted  standpoint.  In 
each  step  the  learning  is  as  complete  as  possible. 

In  order  to  make  the  learning  process  complete  in  each 

*  A  Study  of  Engineering  Education, ' '  p.  58. 

t  ' '  The  Psychology  of  Learning, ' '  by  Meumaun,  translated  by  Baird. 
Appleton,  1913. 
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step,  it  is  necessary  to  present  concrete  examples  as  soon  as 
possible  after  principles  have  been  enunciated.  If  one  really 
understands  a  principle  he  can  give  at  least  an  approximate 
physical  meaning  which  bears  on  it.  One  does  not  really 
understand  a  principle  unless  he  can  use  it;  the  limit  of  his 
knowledge  is  the  limit  to  which  he  can  .apply  it.  The  speaker 
once  visited  the  class  room  of  the  head  of  the  department  of 
mathematics  of  a  large  university :  After  filling  the  black- 
board full  of  "beautiful"  mathematical  demonstrations  in 
calculus,  the  professor  was  askei  by  one  of  the  students, 
"what  do  those  final  equations  really  represent?"  The  an- 
swer was  "we  will  take  up  the  applications  later.  I  merely 
wished  at  this  time  to  demonstrate  the  derivation. ' '  A  golden 
opportunity  to  vitalize  this  work  to  the  inquirer  was  lost ! 
By  the  time  the  applications  were  considered  the  student  had 
doubtless  quite  forgotten  the  "beauty"  of  the  equations. 
Davis  and  Brenke,*  on  the  other  hand,  show  their  apprecia- 
tion of  this  factor  in  such  illustrations  as  in  their  treatment 
of  the  logarithmic  derivative  by  presentation  as  a  relative 
rate  of  change  of  a  quantity ;  they  show  its  fundamental  con- 
nection with  the  important  "compound  interest  law."  Dr. 
John  Perry t  was  probably  the  first  to  strongly  advocate  the 
profuse  presentation  of  practical  problems  as  soon  as  the 
underlying  theory  had  been  developed,  in  order  to  fix  the 
theory  firmly  and  to  make  the  higher  mathematics  an  actual 
tool  in  the  hands  of  the  engineer.  ]\Iore  recently  Professor 
Karapetofi'J  recognizes  that  "interest  is  a  paramount  factor 
in  education"  and  that  "applications  are  always  more  inter- 
esting to  the  average  student  than  a  general  theory."  Not 
only  should  the  example  of  the  application  quickly  follow  the 
presentation  of  the  theory  but  the  example  should,  in  every 
ease,  be  based  upon  the  student's  present  or  past  experience. 
The  employment  of  special  instructors  in  English,  mechanics, 
and  other  general  subjects  for  engineering  students  is  a  step 

*  "Calculus,"  Macmillan,  1915. 

t  * '  Calculus  for  Engineers, ' '  Longmans,  1897. 

t  " Engineering  Applications  for  Higher  Mathematics,"  Wiley,  1912. 
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taken  to  bring  about  the  employment  of  this  factor.  The 
construction,  by  the  student,  of  simple  models  such  as  of 
paper  to  prove  to  himself  that  his  development  of  inter- 
secting solids  was  correct  or  of  cardboard  to  prove  a  straight- 
line  linkage,  when  made  at  once  has  a  very  vitalizing  in- 
liuence.  In  his  address  as  retiring  president  of  this  society, 
Dr.  Hayford  favored  consideration  from  a  theoretical  point 
of  view  first,  and  then  the  employment  of  applications,  after 
which  he  recommended  rapid  alternations  between  the  two. 
President  Hayford 's  conclusions  however,  you  will  observe, 
were  based  on  observation  of  mature  and  experienced  engi- 
neers who  needed  no  vitalizing  factor  to  hold  them  to  their 
tasks.  They  were  absorbingly  interested  in  their  problem 
and  needed  no  formal  motivation.  The  material  with  which 
we  have  to  deal  in  this  paper  is  that  which  comes  to  us  from 
the  high  school — the  inexperienced  student — the  boy.  After 
great  interest  has  been  established  in  any  subject  it  is  no 
longer  necessary  to  follow  the  "functional  first"  method;  at 
this  time  the  presentation  of  concrete  examples  as  quickly  as 
possible  after  the  theorj'  has  been  deduced,  greatly  aids  the 
learning  process.  Here  the  rapid  alternations  proposed  by 
President  Hayford  will  be  found  to  be  of  much  value. 

Our  next  factor  has  reference  to  another  division  of  the 
order  of  presentation  of  subjects.  It  is  being  recognized  that 
grammar  has  been  studied  too  early  in  our  grade  schools:  It 
has  been  known  that  a  very  young  child  may  very  readily 
learn  a  foreign  language  or  even  two  foreign  languages  at 
the  same  time  but  the  mistake  has  been  in  considering  lan- 
guage, and  grammar,  which  is  the  science  of  language,  as 
synonymous.  "We  should  practice  the  art  before  we  attempt 
the  science  of  a  given  subject.  This  increases  interest  in  the 
subject  and  vitalizes  the  student's  efforts.  This  principle  is 
now  being  used  in  various  departments  of  learning:  Instead 
of  beginning  with  a  catalogue  of  the  senses,  psychology  is  now 
vitalized  by  a  concrete  consideration  of  the  process  of  learn- 
ing showing  how  the  brain  functions:  Instead  of  first  cata- 
loguing stones  and  fossils  and  tabulating  ancient  periods,  geol- 
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ogy  is  now  vitalized  by  consideration  from  the  dynamic  point 
of  view ;  all  persons  are  interested  in  knowing  how  moun- 
tains "grow":  Instead  of  reciting  Newton's  three  laws  of 
motion  as  an  introduction  to  physics,  that  subject  is  now 
vitalized  by  work  done  in  the  elementary  physics  laboratory 
by  the  student  in  which  he  performs  experiments  with  per- 
haps crude  apparatus  that  show  him  the  soundness  of  these 
laws:  Instead  of  studying  history  by  rote,  we  now  have  it 
presented  in  narrative  form;  rather  than  cataloging  dates  of 
wars,  the  consideration  of  the  policies  and  growth  of  nations 
is  emphasized  along  lines  that  fit  in  well  with  the  student's 
own  experience.  In  this  we  may  well  follow  nature  and  let 
growth  supersede  mind.  We  must  grasp  a  subject  before  we 
can  perfect  it  and  hence  art  must  precede  science. 

The  next  factor  has  reference  to  the  establishment  of  the 
real  worth  of  effort.  The  channel  into  which  productive 
thinking  flows  is  that  which  is  pleasing  to  the  student,  that 
which  appeals  to  him  from  the  point  of  view  of  need  and 
worth.  Dr.  Mann  says  :*  ' '  The  probability  of  learning  thor- 
oughly, increases  with  the  significance  of  the  lesson."  The 
speaker  has  employed  this  principle  in  the  following  manner : 
In  his  course,  for  example,  in  machine  tool  design  let  us  as- 
sume that  the  problem  is  the  design  of  a  radial  drill.  His 
method  is  first  to  issue  to  the  student,  general  specifications 
which  are  required  to  be  supplemented  by  special  specifica- 
tions to  be  supplied  by  the  student  from  various  sources  such 
as  manj'  eatalogues  and  books.  In  the  course  of  this  proced- 
ure, the  student,  in  time,  usually  finds  himself  desiring  much 
detail  information  regarding  the  exact  construction  of  the 
machine.  An  inspection  trip  to  several  factories  is  then  made 
but  nothing  other  than  radial  drills  is  investigated.  The  need 
has  intensified  the  subject  so  that  the  student  experiences  a 
very  efficient  learning  process  and  with  the  exercise  of  judg- 
ment, opportunity  is  afforded  him  to  inject  much  of  his  own 
individuality   in  the   design.     A   fuller   explanation  of   the 

*  "A  Study  of  Engineering  Education,"  p.  98. 
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manner  of  employing  this  and  other  vitalizing  principles  has 
been  offered  by  the  speaker  some  time  ago.*  The  speaker  is 
one  of  those  who  has  long  advocated  teaching  modern  meth- 
ods of  production  and  costs  rather  than  merely  turning  out 
exercise  pieces  in  the  shops. f  He  has  introduced  the  subject 
of  works  management  in  three  different  colleges.  He  has 
recommended  not  only  the  consideration  of  the  cost  of  manu- 
facture of  the  article  made  but  also  a  comparison  of  the  cost 
of  the  necessary  machines  and  attachments  in  operating 
under  widely  varying  conditions  such  as  with  an  ordinary 
engine  lathe  and  with  an  automatic  machine.;}: 

The  idea  of  presenting  courses  in  general  engineering  rather 
than  specialized  courses  was  to  overcome  the  objection  to 
what  was  thought  to  be  the  narrowing  influence  of  speciali- 
zation. The  fallacy  here  is  due  to  the  supposition  that  a 
broad  education  could  be  obtained  by  presenting  many  di- 
versified subjects  to  the  student.  Instead  of  having  a  cul- 
tural value  this  method  tends  to  produce  satisfaction  with  a 
superficial  knowledge  of  the  subject.  The  student's  field  has 
been  spread  out  so  thin  that  there  is  no  depth  to  his  learning 
in  any  one  line.  This  is  far  from  a  cultural  attitude.  The 
criterion,  it  appears  to  the  speaker,  is  whether  or  not  the 
course  is  merely  informational  or  one  dealing  with  funda- 
mental principles.  If  the  former,  it  should  not  be  given ;  if 
the  latter,  the  principles  may  be  more  forcefully  brought  out 
in  a  special  subject  which  has  in  some  way  caught  the  stu- 
dent's fancy  than  in  a  subject  which  to  him  has  no  vital  con- 
nection with  his  destiny.  One  may  teach  even  a  highly  spe- 
cialized subject  in  a  liberal  way  and  keep  his  students  from 
becoming  narrow  minded.  Broadness  of  spirit  is  by  precept 
rather    than    by   principle ;    by    contact   with   liberal    minds 

*"  Ideals  and  Methods  of  Machine  Design  and  Construction  at  M.  A. 
C,"  Bui.  S.  P.  E.  E.,  Vol.  V,  1915. 

t  " Improvement  in  Shop  Work  Instruction,"  Pro.  S.  P.  E.  E.,  Vol. 
XVIII,  1910,  p.  98. 

t  "Teaching  of  Scientific  Management,"  Pro.  S.  P.  E.  E.,  Vol.  XIX, 
1912,  pp.  106  and  112. 
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rather  than  by  receiving  college  credits  in  a  large  variety  of 
subjects  especially  when  many  subjects  are  studied  at  the 
same  time.  Culture  is  not  obtained  by  securing  college  cred- 
its in  certain  courses;  it  is  an  inner  attribute,  an  apprecia- 
tion of  great  and  good  things,  not  a  cataloging  of  them.  Dr. 
Eliot  says:  "Education  for  efficiency  must  not  be  material- 
istic; it  must  be  idealistic."  Whether  or  not  an  occupation  is 
materialistic  or  idealistic  depends  not  upon  the  occupation 
but  upon  the  spirit  in  which  that  occupation  is  performed. 
Culture  is  evidenced  by  a  desire  to  perfect  and  to  serve.  To 
do  anything  well  even  though  it  may  not  be  seen  by  the 
masses  has  cultural  value.  A  mechanic  in  a  shop,  when  he 
is  not  satisfied  with  his  product  unless  all  parts,  including 
the  hidden  parts,  have  been  properly  made  exhibits  a  cul- 
tural faculty  that  is  far  superior  to  that  obtained  after  a 
term's  textbook  work  in  such  subjects  as  ethics  as  frequently 
given.  "We  have  been  devoting  all  attention  to  things,  to 
curricula  and  not  enough  to  the  development  of  student 
attitude. 

A  student  will  grasp  a  subject  more  quickly  if  he  sees 
clearly  its  requirement  in  the  fulfillment  of  his  destiny.  He 
is  not  enamored  of  ''padded  courses."  An  M.E.  student 
will  not  as  a  rule  take  kindly  to  a  course  in  geology.  Graph- 
ical statics  for  mechanical  engineering  students  is  best 
taught  from  the  point  of  view  of  mechanism.  There  is  prac- 
tically no  difference  in  the  method  employed  to  find  the  neu- 
tral axis  of  an  irregular  cross-section  and  that  to  solve  a 
simple  roof  truss  problem  graphically  but  the  idea  of  im- 
mediate worth  vitalizes  the  subject  to  the  student  much 
better  when  it  is  presented  as  here  indicated. 

Another  vitalizing  principle  is  undoubtedly  Educational 
Orientation.  It  is  very  important  that  each  student  should 
establish,  as  early  as  possible,  a  definite  aim.  Much  of  the 
bewilderment  and  discouragement  of  freshman  and  sopho- 
mores is  due  to  lack  of  definite  aim.    It  has  been  pointed  out* 

*"A  Study  of  Engineering  Education,"  p.  58. 
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that  this  is  one  of  the  principal  causes  of  the  so-called  "sag 
of  the  second  year."  Dr.  Mann  recommends  orientation  dur- 
ing the  first  two  years.* 

One  advantage  of  specialization  is  definiteness  of  aim.  It 
matters  little  which  particular  course  a  student  may  elect; 
added  interest  is  secured  and  tendency  for  greater  applica- 
tion on  the  part  of  the  student  is  developed  if  he  recognizes 
a  definite  end.  There  is  no  great  loss  if  a  student  should 
change  his  course ;  much  has  been  studied  in  common  in  all 
engineering  courses. 

The  speaker  has  employed  orientation  for  freshmen  by  giv- 
ing a  series  of  lectures,  first,  treating  of  the  aims,  attitude  and 
training  of  the  engineer  and  of  methods  of  engineering  prac- 
tice. The  historical  development  of  the  engineering  profes- 
sion was  then  taken  up.  The  latter  part  of  the  course  was 
divided  among  the  four  departments  of  engineering.  In  his 
own,  the  speaker  presented  the  various  lines  of  work  carried 
on  by  the  mechanical  engineer  such  as  gas  power  engineering, 
works  management,  refrigeration,  etc.,  giving  in  each  case  the 
historical  development  of  that  particular  subject,  then  its 
field,  trend  and  applications.  At  this  time  shop  and  plant 
visits  add  greatly  to  the  vitalizing  process. 

Our  next  vitalizing  factor  has  to  do  with  taxing  the  ca- 
pacity of  the  student  at  each  stage.  The  proper  grade  of  work 
-should  be  given  a  student;  if  he  is  assigned  lower  grade  work, 
intensity  of  effort  will  suffer.  Students  as  a  rule  desire  to  do 
important  work;  performing  detail  work  when  they  should 
and  are  able  to  do  design  work  reduces  the  amount  of  ground 
a  student  may  cover  in  his  course. 

As  a  rule,  courses  in  engineering  contain  little  or  no  engi- 
neering subjects  during  the  first  two  years.  This  causes  lack 
of  interest.  It  is  not  only  possible  to  teach  some  real  engi- 
neering during  these  years  but  it  is  expedient  to  do  so. 
Kinematics  may  be  given  very  early.  In  one  college  with 
which  the  speaker  was  connected  he  was  responsible  for  push- 

•"A  Study  of  Engineering  Education,"  p.  88. 
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ing  the  kinematic  course  forward  a  year  and  a  third  in  the 
course.  Kinematics  may  be  given  in  such  a  way  that  the 
student  will  not  fail  to  see  its  engineering  relation  and  also 
so  as  to  develop  his  ingenuity  and  power  of  analysis.  In  as- 
signing problems  in  this  work  the  speaker  has  found  it  very 
profitable  to  have  the  different  students  each  have  a  distinct 
problem  in  which  one  factor  is  varied  for  several  cases.  The 
different  solutions  are  then  brought  before  the  class  as  a  whole 
enabling  them  to  receive  the  benefit  at  times  of  a  considerable 
amount  of  investigation.  In  mechanical  drawing,  pumps, 
engines,  etc.,  may  be  taken  apart  and  used  as  models.  This 
not  only  better  acquaints  the  student  with  the  construction 
but  also  provides  a  very  wholesome  laboratory  exercise  early 
in  the  course.  The  speaker  has  used  this  method  with  decided 
success  in  a  class  numbering  as  many  as  forty-six  students. 
It  is  believed  that  a  school-boy  atmosphere  may  be  discouraged 
and  real  business  methods  encouraged  by  adopting  regular 
drafting-room  standards  and  methods  at  once  with  freshmen. 
Therefore  the  speaker  adopts  large  size  sheets  for  freshmen 
and  also  advocates  teaching  them  to  ink  at  once  on  tracing 
cloth  instead  of  going  through  the  preliminary  stage  of  ink- 
ing on  paper. 

In  teaching  machine  design,  the  speaker  has  employed  this 
factor*  by  having  seniors  and  juniors  design  machinery  which 
was  afterward  actually  built  and  sophomores  lay  out  the  de- 
tails; the  tracing  being  done  mostly  by  freshmen.  This  fol- 
lows the  order  obtaining  in  a  commercial  drafting  room  and 
enables  each  student  to  do  that  grade  of  work  and  only  that 
grade  which  calls  forth  intensive  effort  for  that  grade  of  stu- 
dent and  at  the  same  time  that  grade  which  their  several 
abilities  enable  them  to  perform. 

Our  next  factor  has  reference  to  the  length  of  task  and 
method  of  presenting  subjects.  If  an  assignment  be  so  long  as 
to  permit  of  only  partial  solution  the  student  is  likely  to  be- 

*  "Ideals  and  Methods  of  Machine  Design,"  Bui.  S.  P.  E.  E.,  Vol. 
V,  1915,  p.  43. 
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come  discouraged  or  to  obtain  solution  by  means  other  than 
by  individual  work  and  this  injures  rather  than  helps  him. 
In  the  earlier  work  in  the  mechanical  laboratory,  the  speaker 
believes  instruction  should  be  quite  definite  in  order  that  the 
student  may  acquire  proper  habits  of  conduct  at  once.  He 
therefore  has  required  preliminary  reports,  which  afterward 
became  part  of  the  final  reports,  to  be  turned  in.  He  also 
made  a  practice  of  discussing  briefly  the  plan  of  operation 
and  object  of  an  experiment  in  the  laboratory  just  before  the 
experiment  was  to  be  performed.*  This  has  the  advantage  of 
giving  to  all  participants,  a  perspective  of  the  entire  problem. 
In  order  to  eliminate  waning  interest  due  to  meeting  obstacles 
without  sufficient  time  or  opportunity  to  seek  references,  com- 
putation periods  are  recommended,  providing  time  and  facili- 
ties such  as  reference  books,  also  supervision,  in  order  to  help 
a  student  over  the  "high  points."  This  latter  has  the  further 
advantage  that  it  eliminates  the  evil  of  having  a  few  men  do 
the  actual  computation  while  the  others  copy  the  results. 

The  evil  of  having  too  great  a  requirement  for  outside 
preparation  in  one  or  more  subjects  should  be  eliminated  by 
proper  faculty  action  but  such  elimination  requires  a  use  of 
more  definite  standards  of  measurement  than  now  prevails; 
it  also  calls  for  regular  engineering  faculty  meetings,  a  con- 
dition rarely  found  where  too  much  outside  professional 
practice,  lack  of  fundamental  educational  knowledge,  or  other 
similar  bars  to  efficient  instruction  exist.  In  assigning  credits 
for  courses,  the  actual  requirement  of  time  including  all  nec- 
essary preparation  and  outside  work  should  be  considered. 
■  The  present  tendency  is  to  reduce  the  number  of  required 
credits.  Dr.  Mann  advises  that  they  should  be  less  than 
eighteen. t  Earlier  in  the  year,  the  speaker  outlined  a  course 
in  mechanical  engineering  for  Cooper  Union.  He  found  in 
one  case  twenty-two  credits  were  being  carried  at  one  time. 

* ' '  Improvement  of  Laboratonr  Instruction, ' '  Bui.  S.  P.  E.  E.,  June. 
1911,  p.  613. 

t  "  A  Study  of  Engineering  Education, ' '  p.  87. 
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In  his  proposed  curriculum*  the  nuraber  ranged  from  15f  to 
18|,  the  latter  occurring  however  in  only  one  semester;  one 
other  semester  alone  had  as  many  as  18  credits.  Likewise  if 
the  number  of  subjects  studied  at  any  one  time  is  great  the 
subjects  will  be  stretched  out  so  much  as  to  cause  a  break  in 
transition  and  hence  loss  in  continuity.  In  the  former 
Cooper  course  eleven  subjects  were  given  during  each  of  the 
second  and  third  years  and  twelve  during  the  fourth.  The 
proposed  schedule  as  submitted  by  the  speaker  reduced  the 
number  of  subjects  carried  at  any  one  time  to  from  four  to 
six  except  in  one  case  in  which  there  were  seven  subjects  but 
in  this  case  several  of  the  subjects  were  closely  allied  to  one 
another  such  as  "materials  of  machines,"  "applied  mechan- 
ics," "machine  design,"  and  "material  testing  laboratory." 
Dr.  Mann  recommendsf  that  the  subjects  carried  at  any  one 
time  should  not  exceed  five. 

Without  perfect  transition  the  thought  development  in  any 
given  subject  is  impaired.  This  therefore  requires  that  courses 
be  carefully  correlated.  Each  subject  should  be  definitely 
placed  in  the  course.  Its  position  should  be  based  not  alone 
on  what  may  seem  to  be  its  logical  setting,  but  based  rather 
on  psj^chological  and  pedagogical  considerations. 

If  the  order  of  instruction  in  shopwork  and  of  vacation 
work  were  carried  out  along  the  lines  of  a  former  suggestion 
of  the  speaker^  and  also  embodied  in  the  Cooper  report,  the 
instruction  in  the  machine  shop  would  assist  the  student  in 
his  mechanical  drawing  and  prepare  him  to  do  machine-shop 
work  in  a  commercial  shop  during  the  first  vacation.  This 
would  aid  him  in  his  sophomore  work  in  empirical  machine 
design  and  in  kinematics  and  this  latter  work  would  prepare 
him  to  do  detail  work  in  a  commercial  drafting  room  during 

*  Eeport  on  Mechanical  Engineering  Course,  submitted  to  Director 
Richards,  Cooper  Union,  January  27,  1919. 

t  "A  Study  of  Engineering  Education,"  p.  87. 

t  "Improvement  in  Shop  Work  Instruction,"  Pro.  S.  P.  E.  E.,  Vol. 
XVIII,  1910,  p.  98  and  "Organization  of  Vacation  Work,"  Pro.  S.  P. 
E.  E.,  Vol.  XVIII,  1910,  p.  126. 
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the  second  summer.  Experience  in  the  latter  would  excite  a 
desire  to  do  real  design  work  on  the  part  of  the  student  and 
would  also  increase  the  students'  stock  of  ideas  along  this  line 
so  that  in  his  junior  vear  he  will  be  ready  to  study  machine 
design  and  applied  mechanics.  During  this  year  he  will 
study  heat-power  engineering  and  become  acquainted  with 
power-plant  apparatus  and  the  operation  of  power-plant  ma- 
chinery in  the  laboratory.  He  will  thus  be  prepared  for  his 
third  vacation  work,  which  would  be  in  a  power  plant.  "VTork 
in  such  a  plant  would  directly  prepare  the  student  for  the 
study  of  power-plant  design  and  would  arouse  his  desire  to 
take  up  steam-engine  design,  gas-power  engineering,  etc. 
Similar  other  transitions  and  correlations  should  be  pro- 
vided for  in  a  properly  outlined  course. 

Another  vitalising  principle  is  that  which  establishes  per- 
manency  of  subject  matter  by  securing  retention  of  matter 
once  learned  by  subsequent  required  use,  requiring  a  de^ee 
of  proficiency  at  all  times.  This  factor  savors  much  of  a  "big 
stick"  incentive  since  there  is  an  apparent  penalty  attached 
to  lack  of  compliance  to  its  terms.  The  spirit  of  "passing 
off"  a  subject  should  not  be  tolerated.  It  should  be  assumed 
that  a  subject  is  never  to  be  dropped.  One  way  to  accomplish 
this  effect  is  to  call  for  complete  applications  of  specific  prob- 
lems in  which  all  information  is  coordinated  in  a  single  prac- 
tical problem.  This  idea  is  used  in  such  subjects  as  advanced 
machine  design  and  drafting  in  which  empirical  design,  kine- 
matics, materials  of  machines,  applied  mechanics,  specifica- 
tions and  even  costs  and  methods  of  production  are  required 
to  be  combined  in  one  problem.  This  idea  may  likewise  be 
employed  in  power-plant  design.  The  speaker  has  long  ad- 
vocated that  after  a  thorough  year's  work  in  English,  topics 
be  assigned  to  students  regularly  throughout  the  remaining 
years ;  these  topics  to  be  part  of  the  regular  work  of  the  par- 
ticular course  under  which  it  falls  and  the  matter  turned  in, 
whether  laboratory  report,  essay,  letter,  specification  or  what 
not,  be  checked  first  for  technical  content  by  the  technical 
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department  and  then  turned  over  to  the  English  department 
for  grading.  Likewise  the  reading  of  one  or  two  volumes  of 
good  literature  could  be  required  of  each  student  each  sum- 
mer and  examinations  held  in  the  fall  on  the  substance  of  the 
assignments  but  not  on  the  philological  construction.  It 
should  be  required  of  every  student  that  he  keep  up  his  grade 
in  this  subject  at  all  times.  Likewise  a  modern  language 
would  become  a  tool  instead  of  a  relic,  if  after  one  solid  year 
of  stud}^  technical  literature,  such  as  a  monthly  periodical, 
were  read  and  articles  of  immediate  worth  and  interest  were 
discussed  in  a  class  held  each  week  throughout  the  remaining 
years  by  engineering  teachers. 

The  most  interesting  application  of  this  principle  is  that 
carried  out  in  that  excellent  organization  in  the  University 
of  Cincinnati,  where  no  student  is  finally  passed  in  any  sub- 
ject until  he  graduates,  and  where  a  student  although  he  may 
have  received  a  passing  mark  at  the  completion  of  a  certain 
course  may  be  "flunked"  by  a  professor  who  is  offering  a 
course  in  which  the  former  subject  is  required ;  that  is,  the 
professor  of  machine  design  may  "flunk"  a  student  in  cal- 
culus if  he  finds  the  student  deficient  in  his  present  knowledge 
of  the  calculus. 

"We  come  now  to  a  very  important  vitalizing  factor,  the  de- 
velopment of  judgment.  Elsewhere*  the  speaker  has  indi- 
cated a  method  of  teaching  judgment.  The  first  essential  is 
accurate  perception :  The  student  must  be  taught  to  distin- 
guish between  the  similar  and  the  same  and  this  attitude  is 
aroused  only  when  the  student  is  interested  in  the  subject 
and  has  already  some  fundamental  knowledge  of  it.  As  in 
the  case  of  the  delight  experienced  in  repeating  sensori-motor 
coordinations  that  have  been  acquired,  so  also,  one  finds  de- 
light in  exercising  judgment  on  matters  with  which  he  is 
familiar,  and  judgment  is  the  forerunner  of  the  inventive  fac- 
ulty, that  most  valuable  asset  to  the  engineer.    All  of  the  fore- 

*  Pro.  S.  p.  E.  E.,  Vol.  XVIII,  1910,  p.  379. 
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mentioned  factors  contribute  to  this  one  and  in  return  it  re- 
acts upon  many  of  them. 

Our  last  factor  is  the  development  of  individuality.  After 
training  a  student  carefully  during  the  earlier  stages  of  his 
course  in  habits  of  procedure  he  should  be  more  and  more 
relieved  of  the  more  or  less  didatic  influence  and  allowed  freer 
exercise  of  his  own  mind.  He  should  be  given  problems  that 
challenge  his  ingenuity  and  thus  foster  creative  work.  He 
should  be  allowed  more  and  more  to  add  of  himself  to  such 
problems  as  involve  design,  experiment  and  specifications  but 
he  should  at  all  times  be  required  to  state  the  reasons  for  his 
conclusions. 

It  may  be  well  to  cite  a  few  examples  of  applications  of 
above-named  factors  in  which  more  than  one  factor  is  in- 
volved. In  the  teaching  of  English  to  engineers  the  primary 
objects  sought  are :  the  attainment  of  self-expression,  both  oral 
and  written  and  the  creation  of  an  appreciation  of  good  lit- 
erature. The  first  is  best  accomplished  by  the  consideration 
of  subjects  that  are  of  "sital  and  immediate  interest  to  the 
student  and  the  best  method  to  attain  this  end  is  through  the 
service  of  an  alert  man  who  can  be  in  sympathy  with  engi- 
neering work.  The  second  is  best  attained  through  the  efforts 
of  a  good  reader  who  would  lay  most  stress  on  the  thoughts 
that  are  expressed  by  the  author  studied  rather  than  on  the 
"anatomy"  of  the  essay,  narrative  or  descriptive.  In  the 
former,  precise  and  forceful  expression  is  sought.  If  the  stu- 
dent really  has  something  vital  to  say  it  is  not  difficult  to 
teach  him  to  deliver  it :  The  essential  thing  is  that  he  is  caused 
to  develop  proper  habits  of  clear  thinking.  For  "cultural" 
reasons  "thin  courses"  in  English  are  frequently  distrib- 
uted throughout  all  four  years  of  the  college  course ;  pedagog- 
ically  this  method  is  wrong.  A  solid  course  given  in  the  first 
year,  followed  bj-  an  enforced  constant  self-correction  in  Eng- 
lish due  to  the  possible  "flunking"  during  the  later  years,  it 
appears,  would  be  much  more  efficacious. 

The  subject  of  works  management,  touching  as  it  does  such 
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humanistic  subjects  as  economics,  psychology,  sociology,  ethics, 
and  even  history  from  its  economic  consideration  becomes  a 
potent  agent  for  cultural  development  and  if  it  is  properly 
taught  will  assume  an  importance  entirely  apart  from  the 
fact  of  its  connection  with  this  great  era  of  modern  produc- 
tion. A  class  of  students  can  not  but  be  benefited  b}^  such 
discussions  as  "the  effect  of  decreasing  the  humidity  on  the 
production  of  labor,"  "the  psychology  of  the  bonus  envelope," 
"industrial  betterment"  and  many  other  similar  topics. 

Contracts  and  specifications  is  usually  taught  by  the  civil 
engineering  department  and  its  consideration  therefore  is 
largely  from  the  point  of  view  of  "cut  and  fill"  and  similar 
problems.  The  speaker  believes  that  mainly  for  vitalizing 
reasons,  "specifications"  should  be  employed  in  several 
courses  such  as  in  machine-tool  design,  engine  design  and 
power-plant  design  before  it  is  studied  from  an  analytical 
point  of  view.  He  believes  it  to  be  far  better  to  give  a  course 
in  engineering  law  during  the  last  semester  and  in  this  take 
up  much  more  than  merely  contracts  and  specifications. 
There  should  be  no  need  for  a  special  course  in  business  letter 
writing.  If  the  elements  of  this  subject  are  studied  in  the 
first  year  and  the  student  required  to  write  business  letters 
periodically,  such  as  letters  of  transmittal  in  specifications, 
no  difficulty  would  be  experienced  in  securing  good  results 
but  such  a  condition  can  only  be  hoped  for  in  colleges  in 
which  the  organization  is  very  strong. 

It  will  be  observed  that  in  the  suggestions  made,  memory 
subjects  have  been  recommended  to  be  given  early  in  the 
course  while  those  subjects  which  require  more  mature  judg- 
ment are  recommended  for  the  later  years.  The  study  of  eco- 
nomics, of  engineering  law,  and  of  works  management  in  the 
last  year  prepares  the  student,  in  a  wholesome  way,  for  his 
absorption  in  the  industries  after  graduation. 

Summarizing,  we  find  the  factors  that  make  up  the  vitaliz- 
ing principle  in  education  as  enumerated,  to  be : 
1,  Development  from  the  familiar  to  the  unknown. 
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2.  Presentation  of  functional  consideration  before   theoret- 

ical. 

3.  Securing  complete  learning  at  each  stage. 

4.  Presentation  of  the  Art  before  the  Science  of  a  subject. 

5.  Establishment  of  real  worth  of  effort. 

6.  Introduction  of  educational  orientation. 

7.  Taxing  the  capacit}*  and  ingenuity  of  the  student  at  each 

stage. 

8.  Controlling  the  extent  and  correlation  of  tasks  and  their 

particular  setting  in  the  general  scheme. 

9.  Securing  permanency  of  matter  once  learned  by  requir- 

ing regularly  its  subsequent  use. 

10.  Developing  judgment. 

11.  Developing  individuality. 

The  speaker  is  fully  aware  of  the  many  difficulties  that  may 
be  encountered  in  the  employment  of  the  factors  described 
due  to  peculiar  administration,  to  conservatism,  to  geo- 
graphical location,  and  to  size  of  college,  but  he  believes  it 
proper  to  set  down  the  ideals  sought  and  then  to  approach 
those  ideals  as  closely  as  may  be. 

The  factors  mentioned  are  doubtless  not  all  of  the  vitalizing 
factors  and  the  speaker  realizes  that  much  has  to  do  with  the 
personal  equation  of  the  teacher  but  he  believes  that  when  the 
factors  enumerated  are  all  regarded,  not  only  will  the  educa- 
tional content  of  the  student  be  increased  but  his  stock  of 
ideas  also  will  acquire  momentum  and  each  subject  studied 
will  become  to  him  a  living  thing. 
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BY  COLLINS  P.  BLISS, 
New  York  University. 

The  war  work  in  our  various  universities  and  particularly 
in  those  schools  in  which  vocational  classes  were  held  before 
the  existence  of  the  S.  A.  T.  C,  has  accomplished  two  impor- 
tant results.  First,  it  has  clearly  demonstrated  what  can  be 
done  by  intensive  work  and  secondly,  it  has  emphasized  the 
need  of  a  closer  cooperation  between  the  industries  of  the 
country  and  our  technical  schools,  to  the  end  that  no  useless 
training  be  given. 

In  all  of  our  war  efforts  results  alone  counted.  The  thing 
that  couldn't  be  done,  had  to  be  done  and  ivas  done,  and  not 
alone  that,  but  the  training  each  student  was  to  obtain,  as  in 
the  vocational  courses,  must  be  completed  within  a  definite 
time  limit. 

Now,  the  application  I  want  to  make  of  this  is  that  there 
are  many  ways  in  which  we  can  intensify  our  work  and  gain 
some  time,  even  in  the  four  year  course,  for  the  introduction 
of  business  and  economic  subjects  so  fully  discussed  at  the 
recent  conference  in  Washington.  One  of  these  ways  I  will 
allude  to  in  a  moment,  but  has  there  always  been  between  the 
various  departments  or  even  between  those  giving  each  par- 
ticular course,  the  kind  of  cooperation  that  would  insure  ab- 
solutely that  the  same  subject  matter  in  one  course  is  not 
covered  by  any  other?  Many  of  us  have  found  evidences  of 
duplication  altogether  too  frequently. 

In  our  vocational  work  for  the  War  Department  this  par- 
ticular thing  was  guarded  against ;  each  course  gave  the  kind 
of  training  that  it  was  intended  to  give. 

I  firmly  believe  that  these  intensive  methods  can  be  applied 
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to  the  subject  matter  of  many  of  our  courses, — not  alone  engi- 
neering,— but  also  to  those  so-called  cultural  and  pure  science 
subjects,  where  sometimes  mental  gymnastics  are  considered 
a  more  useful  training  than  providing  a  student  with  the  tools 
for  doing  an  engineering  job,  not  only  after  he  graduates,  but 
even  during  his  college  career — in  the  later  years  before 
graduation. 

If  the  promises  of  industrial  activity  in  this  country-  for  the 
next  decade  hold  good,  it  behooves  those  connected  with  the 
training  of  the  coming  engineer  to  read  rightly  the  signs  of 
the  times  and  prepare  the  product  for  the  market. 

No  business  enterprise  would  consider  for  a  moment  the 
production  of  an  article,  beautifully  made,  thoroughly  fin- 
ished in  all  its  parts,  accurately  fitted  in  every  detail,  without 
first  having  decided  what  the  market  demanded  or  could  ab- 
sorb in  this  particular  line. 

Technical  schools  at  the  present  time  are  very  much  alive 
to  the  fact  that  conditions  are  considerably  different  from 
those  extant  five  or  six  years  ago.  "We  are  asked  to  produce 
a  product  for  a  market  which  has  become  overwhelmingly 
industrial  and  in  turning  out  the  engineers  of  the  future, 
we  must  also  train  along  broader  business  and  commercial 
lines. 

Industries  know  a  great  deal  more  about  the  product  of  the 
universities,  than  either  the  universities  or  their  product 
know  about  the  industries — largely  because  the  latter  use  the 
University  product  and  soon  learn  its  possibilities  and  limi- 
tations. 

It  would  be  utterly  impossible  for  any  university  to  attempt 
courses  of  instruction  in  the  usual  manner,  which  would  ac- 
quaint students  with  the  details  of  any  industrial  operation. 
Our  different  technical  schools,  wherever  practical,  have  relied 
on  shop  visits  and  factory  inspection  trips,  which  are  ad- 
mittedly of  considerable  value,  even  at  the  cost  of  a  great 
deal  of  time  and  also  in  these  days  of  high  railroad  rates, 
much  money.  These  visits  are  welcomed  by  the  university 
teacher,  the  student,  and  the  industry.    As  a  matter  of  fact 
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the  complaint  of  the  industry  is  that  our  students  do  not  learn 
enough  about  modern  industrial  operations  to  permit  them 
to  get  the  best  out  of  all  of  the  training  received  at  the  tech- 
nical schools. 

In  the  early  months  of  this  year  a  group  of  university  men. 
interested  in  industrial  relations,  perfected  a  plan  for  filming 
all  the  basic  and  essential  industries  of  this  country.  An 
organization  known  as  the  Visual  Industrial  Course,  was  in- 
corporated and  with  it  was  associated  a  corporation  which  for 
years  has  produced  all  Pathe  educational  and  industrial  films. 

The  object  of  the  Visual  Industrial  Course  is  to  provide 
a  service  for  the  universities  and  technical  schools  of  this 
country  and  Canada,  whereby  all  the  methods,  processes  and 
products  of  the  twenty-five  to  thirty  basic  and  essential  in- 
dustries can  be  brought  into  the  classroom  through  moiian 
pictures,  slides  and  industrial  manuals. 

There  are  in  existence  many  so-called  "educational  films" 
produced  by  our  large  industries  for  advertising  and  other 
purposes  and  also  by  governmental  bureaus.  A  great  deal 
of  the  material  in  these  negatives,  from  which  positive  prints 
can  be  taken,  will  be  worked  into  the  films  for  classroom  use. 
but  there  is  a  vast  amount  that  will  be  of  no  use  whatever  for 
the  purposes  of  the  Visual  Industrial  Course. 

In  producing  the  pictures,  along  with  the  camera  experts 
will  be  associated  an  expert  in  each  industry  filmed  and  a  uni- 
versity professor  competent  to  superintend  the  taking  of  those 
things  which  will  be  of  value  to  the  student  from  a  profes- 
sional standpoint. 

These  two  men  will  collect  all  the  needed  data  to  give  a 
complete  history  of  the  industry  filmed,  from  its  inception 
through  all  its  development  to  the  various  products  manu- 
factured into  as  many  fields  of  activity  as  this  may  lead. 
This  will  include,  wherever  possible,  information  regarding 
management  and  economic  problems  met  and  solved  by  the 
particular  industry  under  discussion. 

All  of  this  material  will  be  collected  and  edited  for  publi- 
cation in  industrial  manuals  to  go  with  the  films  for  use  both 
19 


274  THE    VISUAX,   INDUSTRIAL    COURSE,    INC. 

by  the  professor  showing  the  films  and  slides  and  by  the  stu- 
dent taking  the  course.  These  manuals  will  form  a  library 
for  the  student  which  he  will  take  with  him,  when  he  leaves 
college  and  which  will  give  him  a  ready  reference  concerning 
the  conduct  of  any  industry  upon  which  he  desires  to  refresh 
his  memory. 

A  staff  of  associated  editors  is  now  being  organized  from 
among  our  leading  universities  and  about  thirty  have  heartily 
endorsed  the  plan  and  consented  to  serve. 

As  an  initial  supervisory  or  consulting  board,  the  following 
men,  prominent  in  educational  and  industrial  lines  are  asso- 
ciated with  the  course:  Mr.  C.  M.  Schwab,  Mr.  Finley  J. 
Shepard,  Mr.  William  R.  Malone,  president  of  the  Postal  Life 
Insurance  Company,  Mr.  Alexander  Lyman,  general  attorney, 
New  York  Central  Railroad,  and  Dr.  Steinmetz,  of  the  Gen- 
eral Electric  Company. 

As  many  of  us  know  who  have  had  any  experience  in  pro- 
ducing moving  pictures,  the  cost  is  enormous  and  far  beyond 
what  any  university  would  be  warranted  in  spending  to  pro- 
duce and  own  any  set  of  films  of  this  nature. 

The  Visual  Industrial  Course,  therefore,  becomes  a  cen- 
tralized clearing  house  for  all  our  technical  schools  and  pro- 
vides the  service  whereby  every  known  industrial  process  can 
be  brought  directly  into  the  classroom  and  studied  to  any 
extent,  whether  that  be  much  or  little. 

All  material  passing  through  this  clearing  house  will  be 
assembled  as  a  "Course"  and  it  has  been  estimated  that  to 
cover  the  entire  series  to  be  produced  by  the  "Visual  Indus- 
trial Course"  will  require  the  equivalent  time  of  a  two-hour 
subject  throughout  one  college  year. 

Several  of  the  universities  have  already  arranged  to  do 
this  in  the  freshman  year,  under  various  captions — New  York 
University,  for  example,  under  "General  Engineering  Prac- 
tice," The  University  of  "Washington,  Carnegie  Institute  of 
Technology,  the  University  of  Cincinnati  and  many  others 
are  making  arrangements  to  include  the  course  in  the  college 
curriculum. 


THE    YISUAI.    IXDUSTBIAL    COUBSE,    IXC.  -<0 

It  is  felt  that  a  general  training  course  of  this  kind  may 

materially  assist  an  entering  student  to  a  better  knowledge  of 
the  engineering  profession  as  a  whole  and  perhaps  enable  him 
to  decide  on  the  kind  of  engineering  in  which  he  is  most  inter- 
ested. If  this  alone  can  be  accomplished  and  engineering 
misfiis  avoided,  it  is  easily  worth  all  the  effort  and  expense 
involved. 

It  must  be  said  in  passing  that  the  "visual  course"  will 
cover  construction  and  civil  engineering  problems  and  proc- 
esses, as  well  as  mechanical  and  chemical. 

Several  of  those  technical  schools  already  approached  de- 
sire special  reels  for  use  in  courses  in  other  years,  than  the 
freshman.  "With  the  mass  of  negatives  which  will  be  ob- 
tained, excerpts  can  be  made  producing  a  reel  of  1.000  feet  or 
so  which  in  fifteen  minutes  will  tell  the  story  of  an  hour's  oral 
instruction  from  text-book  or  by  lecture. 

Many  of  our  largest  industries  are  already  considering 
cooperation  to  a  greater  or  lesser  extent.  In  a  few  instances, 
it  will  be  desirable  to  have  one  concern  represent  one  entire 
basic  industry ;  in  other  cases  several  units  will  be  needed  in 
producing  what  is  desired. 

It  is  estimated  that  it  will  take  three  years  to  obtain  all  the 
material,  and  while  the  date  for  beginning  regular  service 
cannot  be  definitely  promised,  it  is  hoped  that  the  Visual 
Industrial  Course  can  give  service  of  a  limited  nature  before 
the  end  of  this  year. 

There  is  perhaps  a  question  in  the  minds  of  some  as  to  the 
cost  of  this  service — the  Visual  Industrial  Course.  That, 
gentlemen,  is  almost  unanswerable  at  the  present  time — not 
because  of  the  great  production  cost,  but  due  to  the  fact  that 
it  is  the  aim  of  the  men  behind  the  plan  to  give  the  material 
to  the  universities  and  technical  schools  of  the  country  at  the 
least  expense  consistent  with  a  rather  exacting  service. 

There  are  of  course  many  interesting  details  to  a  project 
which  promises  to  be  of  material  assistance  at  a  time  when 
the  training  in  our  technical  schools  is  bound  to  be  affected 
more  than  ever  by  industrial  relations  and  therefore  we  may 
all  expect  to  hear  more  about  it  in  the  near  future. 


THE  EFFECT  OF  THE  WAR  UPON  ENGINEERING 
EDUCATION  IN  THE  UNITED  STATES. 

BY   AXSOX   MAESTOX. 

ExGixEER  Troops  ix  the  "War. 

The  first  effect  of  the  Great  War  upon  engineering  educa- 
tion in  the  United  States  was  to  begin  sweeping  away  into  the 
Army  a  large  proportion  of  the  students  and  faculty.  "Within 
a  year  and  a  half  we  increased  our  engineer  troops  from  a 
handful  to  over  300,000,  serving  under  15,000  engineer  officers. 
and  probably  constituting  the  greatest  engineer  force  in  all 
the  history  of  armies.  In  addition,  thousands  of  engineers 
served  in  the  Chemical  "Warfare  Section,  in  the  Tank  Service, 
in  Aviation,  as  Quartermaster's  Engineers,  in  the  Infantry, 
in  Ordnance  and  especially  in  the  Artillery. 

From  the  very  first  the  great  danger  of  an  impending 
shortage  of  engineers  in  consequence  of  the  war  was  foreseen. 
and  the  Chief  of  Engineers  addressed  this  society  in  1917  to 
urge  that  the  engineering  colleges  continue  the  training  of 
future  engineers  in  four-year  courses. 

Government  "War  Time  Demands  on  the  Engineering 
Colleges. 

As  the  war  went  on,  however,  the  government  made  ever 
greater  demands  upon  the  educational  institutions  of  the  coun- 
try for  temporary  special  service  to  meet  immediate  military 
exigencies.  First,  large  detachments  of  soldiers  were  sent  to 
the  engineering  schools  for  short  course,  intensive,  mechanical 
training  (the  so-called  ''Class  B"  work),  with  highly  success- 
ful results.  Finally,  in  the  fall  of  1918  the  government  prac- 
tically took  possession  of  the  higher  educational  institutions 
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of  the  couutry,  including  the  engineering  schools,  for  the 
S.  A.  T.  C.  work.  The  organization  of  the  S.  A.  T.  C.  directed 
a  very  large  number  of  young  men  into  engineering  courses 
who  would  have  chosen  other  lines  in  peace  time. 

We  are  all  familiar  with  the  brief  but  lurid  career  of  the 
S.  A.  T.  C.  The  entire  lack  of  acquaintanceship  of  educators 
with  military  customs  and  of  military  officers  with  educational 
customs,  the  great  and  terribly  fatal  influenza  epidemic  in 
October  and  the  unexpected  collapse  of  the  war  early  in  No- 
vember, with  the  accompanying  demoralization  of  demobiliza- 
tion— all  these  combined  to  make  S.  A.  T.  C.  success  hopeless. 
Yet  the  writer  believes  that  the  plan  would  have  succeeded  if 
the  war  had  lasted  a  year  longer. 

As  a  soldier  who  served  nearly  a  year  and  a  half  in  the 
army  and  who  has  not  yet  succeeded  in  untying  red  tape 
enough  to  get  his  $60  bonus,  the  writer  cannot  help  expressing 
a  feeling  of  dissatisfaction  with  some  (not  all)  S.  A.  T.  C. 
students — those  who  became  students  partly  to  keep  out  of  the 
fighting  ranks  till  the  last  possible  moment,  whose  educational 
expenses  (including  board  and  clothes)  were  borne  by  the 
government,  who  received  the  same  pay  as  real  soldiers  and 
the  same  bonus  at  the  close  of  the  war  as  men  who  fought  in 
France,  who,  nevertheless,  complained  at  every  little  incon- 
venience like  spoiled  children  and  who  showed  insubordina- 
tion at  times  which  would  have  been  visited  with  dire  punish- 
ment in  an  army  camp. 

However,  the  S.  A.  T.  C.  caused  at  least  two  good  effects  on 
engineering  education : 

(a)  It  left  at  the  end  of  the  war  a  large  number  of  young 
men  in  the  engineering  freshman  classes,  which  otherwise 
might  have  been  almost  empty. 

(&)  It  almost  completely  broke  up  all  standardized  (some 
of  them  fossilized)  traditions  and  customs  in  the  engineering 
schools,  thereby  providing  a  great  opportunity  for  radical  im- 
provements, otherwise  impossible,  in  engineering  education. 
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Present   Government  War  Demands  Upon   Engineering 

Colleges. 

Government  war  demands  upon  our  engineering  schools 
have  not  yet  ceased. 

A.  Already  some  300  wounded  soldiers  have  been  assigned 
to  the  Iowa  State  College  for  educational  rehabilitation  work, 
and  a  government  agent  who  visited  us  a  few  days  ago  esti- 
mates the  total  number  which  they  would  like  to  send  us  at 
700  to  1,000.  About  10  per  cent,  of  those  so  far  assigned  are 
collegiate  students.  About  35  per  cent,  to  40  per  cent,  of  the 
total  are  assigned  for  engineering  collegiate  and  non-collegiate 
work.  Thus  we  face  the  question  of  whether  we  are  willing  to 
accept  some  300  non-collegiate  students  for  two-year  trade 
school  vocational  work  along  mechanical  lines.  It  may  be 
added  that  we  estimate  that  15  per  cent,  to  20  per  cent,  of 
the  non-collegiate  soldier  students  are  planning  or  will  come 
to  plan  to  complete  the  college  entrance  requirements  and 
then  enter  regular  four-year  collegiate  engineering  courses.  I 
am  informed  that  some  universities  are  opening  their  doors 
for  the  first  time  to  non-collegiate  students  in  order  to  accept 
these  wounded  soldiers. 

B.  The  development  of  the  K.  O.  T.  C.  as  a  part  of  the 
permanent  military  policy  of  the  country  brings  many  engi- 
neering colleges  (perhaps  especially  those  at  land  grant  insti- 
tutions) face  to  face  with  important  and  perplexing  questions. 
At  the  Iowa  State  College  we  are  organizing  infantry,  engi- 
neer and  field  artillery  units  and  expect  to  have  a  cavalry 
unit.  We  have  been  urged  to  establish  coast  artillery,  signal 
corjDS  and  motor  transport  corp.s  units,  all  of  which  would 
draw  exclusively  upon  our  engineering  students. 

I  may  add  that  we  have  about  twelve  army  officers  assigned 
to  us,  that  we  are  starting  to  build  a  large  armory  for  which 
the  money  was  appropriated  in  1917,  that  the  government  will 
keep  several  hundred  thousand  dollars  worth  of  equipment  at 
our  institution  for  which  we  must  provide  housing  (including 
stabling  for  cavalry  and  artillery  horses)  and  that  accommo- 
dations must  be  provided  for  some  enlisted  personnel. 
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In  view  of  the  present  uncertainty  as  to  the  future  military- 
policy  of  the  United  States  we  feel  that  we  must  move  slowly 
in  establishing  more  than  the  four  units  already  determined 
upon. 

Service  in  the  summer  training  camps  will  have  an  im- 
portant bearing  upon  the  summer  professional  work  of  our 
engineering  students,  which  we  feel  is  of  great  value  in  their 
engineering  training. 

Through  the  Commissioner  of  Education  the  U.  S.  Govern- 
ment is  now  calling  upon  the  engineering  colleges  to  introduce 
business  training  for  engineers  as  required  work  into  all  our 
engineering  curricula.     Already  three  conferences  on   com- 
mercial engineering  training  have  been  held  under  government 
auspices — in  St.  Louis,  February  22,  1919,  in  AYashington, 
March  31 — April  2,  1919,  and  again  in  Washington,  June  23 
and  24,  1919.     The  government's  call  for  commercial  engi- 
neering training  is  made  because  of  the  national   need   for 
engineer  leaders  who  can  develop  and  direct  our  great  mechanic 
arts  industries  and  our  domestic  and  foreign  trade  in  their 
products.    The  writer  believes  that  at  least  ten  semester  credit 
hours  instruction  in  simple,  fundamental  business  principles 
ought  to  be  introduced  as  required  work  into  every  engineer- 
ing course  and  treated  as  just  as  fundamental  for  engineers 
as  instruction  in  chemistry  and  physics.    Furthermore,  elective 
groups  in  commercial  engineering  ought  to  be  provided  in  the 
junior  or  senior  years  whereb}'  engineering  students  who  de- 
sire can  obtain  more  intensive  and  advanced  business  training. 
Are  not  the  present  government  calls  upon  the  engineering 
schools  in  connection  with  wounded  soldier  vocational  training, 
K.  0.  T.  C.  training  and  commercial  engineering  training  sig- 
nificant indications  that  an  era  is  immediately  ahead  in  which 
we  are  to  have  more  systematic  coordination  of  all  our  engi- 
neering educational  work  to  meet  national  needs  as  outlined 
by  government  agencies?    For  example,  highway  construction 
looms  up  in  the  immediate  future  as  one  of  the  greatest  im- 
pending engineering  developments  in  the  United  States.    Why 
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should  not  the  national  government  interest  itself  in  securing 
adequate  instruction  in  highway  engineering  as  well  as  in 
commercial  engineering  in  our  engineering  schools. 

Engineering  research  is  exceedingly  important  from  the 
national  standpoint.  Two  bills  are  now  before  Congress  to 
establish  an  engineering  experiment  station  in  each  state.  The 
National  Research  Council  is  a  comparatively  new  govern- 
ment agency,  created  during  the  world  war,  which  ought  to 
come  into  active  touch  with  all  the  engineering  schools. 

Possible  Improatements  in  Engineering  Education  in 
Reorganizing  After  the  War. 

The  writer  has  already  stated  that  the  war  has  broken  up 
the  regular  work  and  customs  at  our  engineering  colleges  to 
such  an  extent  as  to  afford  a  great  opportunity  to  effect  radical 
improvements  in  engineering  education.  Only  -time  can  tell 
just  what  will  come  from  this  opportunity.  Great  changes 
may  be  effected  or  the  engineering  schools  may  drop  back  into 
the  old  ruts. 

The  engineering  schools  necessarily  move  slowly  in  adopting 
radical  changes.  General  Black  has  so  much  authority  over 
the  Corps  of  Engineers  that  he  can  decide  by  fiat  that  the 
"case  method"  of  instruction  shall  be  adopted  in  the  engineer 
school  at  Camp  Humphreys.  An  engineering  dean  has  no 
such  authority.  lie  must  convince  not  only  his  faculty  but 
his  president,  and  through  his  president  the  board  of  regents 
before  the  change  can  be  brought  about.  And  woe  to  the  plan 
if  it  involves  additional  expense. 

On  the  other  hand.  General  Black's  plan  for  the  engineer 
school  might  be  dropped  entirely  next  December  when  he  re- 
tires from  the  Army  if  the  new  chief  of  engineers  should 
happen  to  hold  differoit  views,  while  progress  at  engineering 
colleges  is  much  more  immune  to  vagaries  of  deans. 

Tlie  writer  thinks  that  engineering  educators  must  admit 
that  dissatisfaction  has  been  growing  up  for  years  among  prac- 
ticing engineers  and  among  engineer  employers  with  the  re- 
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suits  of  the  ^york  of  the  engineering  schools.  True  the  criti- 
cism, while  well  meaning,  has  not  been  any  too  intelligent  as 
to  practicable  remedies.  Nevertheless,  we  should  not  over- 
look it  complacently.  AYe  should  study  the  w^iole  situation 
most  earnestly  at  this  present  time,  with  absolutely  open  minds. 

The  writer  believes  most  earnestly  that  what  was  good 
enough  in  the  past  is  not  good  enough  for  the  training  of  the 
engineer  for  the  great  future  which  ought  to  be  his  without 
fail. 

The  writer  will  indicate  some  improvements  in  engineering 
education  which  he  believes  ought  seriously  to  be  considered 
for  the  immediate  future. 

1.  Commercial  Engineering  Training  should  be  introduced 
into  all  engineering  courses  as  fundamental  required  work,  as 
already  indicated. 

2.  Jlilitary  Training. — Engineering  students  ought  to  have 
the  opportunity  while  in  the  engineering  schools  to  do  what- 
ever military  training  Congress  may  decide  is  needed  to  make 
reasonable  advance  provision  to  meet  the  government's  need 
for  engineers  in  time  of  war. 

3.  Engineering  Research. — The  engineering  schools  ought 
to  make  themselves  important  factors  in  engineering  research 
and  ought  to  coordinate  in  a  national  organization  of  engi- 
neering research  to  meet  national  needs. 

4.  Graduate  Engineering  Work  ought  to  be  developed  ex- 
tensively on  a  systematic  general  plan  which  would  avoid  un- 
necessary duplication  at  neighboring  colleges.  Research  and 
teaching  fellowships  should  be  established  generously. 

5.  Salaries  of  Engineering  Professors  Ought  to  te  Raised. 
— All  prices  are  now  on  an  extremely  high  level,  and  many 
thinkers  believe  that  the  world's  prices  will  be  much  higher 
permanently  in  the  future  than  in  the  past.  A  great  shortage 
of  engineers  is  now  adding  strength  to  meritorious  organized 
efforts  of  engineers  to  put  engineering  remuneration  on  a 
fairer  basis  in  comparison  with  bricklayers,  carpenters  and 
locomotive  engineers.  The  engineering  schools  must  compete 
in  open  market  with  employers  of  practicing  engineers.     The 
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writer  believes  that  salaries  of  engineering  professors  ought 
to  be  50  per  cent,  to  100  per  cent,  higher  than  the  average  in 
1916,  provided  that  engineering  professors  are  held  to  merit 
and  to  time  requirements  in  their  daily  work  as  strictly  as  if 
working  for  outside  employers. 

6.  Definite  Plans  far  Faculty  Study  and  Training  ought  to 
be  put  in  force.  Graduate  work  by  instructors  and  assistant 
professors  (at  least)  ought  to  be  made  prerequisite  to  promo- 
tion. Associate  professors  and  professors  ought  to  be  given 
compulsory  leaves  of  absence  every  few  years  (on  part  pay) 
to  improve  their  qualifications  by  actual  engineering  practice. 
There  ought  to  be  an  absolutely  open  season  for  engineering 
deans  at  all  times,  with  both  spring  and  fall  shooting  open  to 
all  ambitious  and  energetic  professors.  Training  classes  in 
teaching  methods  are  desirable.  Every  member  of  an  engi- 
neering faculty  ought  to  be  rated  numerically  from  time  to 
time  by  his  superior  officers,  taking  into  account  his  manhood 
qualifications,  his  professional  qualifications  and  his  success  as 
a  teacher,  and  all  promotion  should  be  for  merit  alone. 

7.  Engineering  Classes  Shauld  not  he  Turned  Over  to  Cheap, 
Inexperienced  Instructors. — Only  mature  engineers,  well  quali- 
fied as  engineers  by  outside  experience  as  well  as  by  college 
training  should  be  given  charge  of  classes.  The  students  are 
entitled  to  the  inspiration  and  to  the  professional  instruction 
outside  of  all  text-books  which  can  be  obtained  only  by  direct 
personal  contact  with  high  class  engineer  professors  through- 
out the  entire  four  years  of  their  college  life.  The  cheap  type 
of  men  often  employed  as  instructors  should  be  used  only  as 
assistants  in  preparing  class  material,  in  directing  minor  de- 
tails of  laboratory  work  and  in  correcting  student  drawings 
and  papers. 

8.  No  Engineering  Class  Section  Should  Include  more  than 
Fifteen  Members. — Each  engineering  class  should  be  so  small 
that  the  professor  can  call  readily  upon  every  student  to 
participate  in  every  class  discussion.  Each  professor  should 
have  direct  personal  contact  with  every  student  in  each  class 
at  every  recitation  or  laboratory  period. 
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9.  Better  Liaison  should  fee  established  between  eugineering 
departments  and  between  the  engineering  college  and  those 
departments  of  other  colleges  which  instruct  engineering  stu- 
dents. ' '  Liaison  groups ' '  or  committees,  made  up  of  represen- 
tatives of  all  interested  departments,  should  be  constantly  at 
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Fig.  1.  Distribution  of  Intelligence  Eatings.  Comparison  of  College 
Students  with  Army  Groups.  Of&cers  Curve  by  Scaling  from  Eeport  on 
Army  Mental  Test  printed  Xovember  22,  1918. 

II— li— !i— II— II   Officers  U.  S.  A 8,819 

" Enlisted  Men  U.  S.  A l,500,00n 

I.  S.  C.  Eng 208 

■ I.  S.  C.  Ag 103 

I.  S.  C.  H.  Ec 160 


work  on  the  content  and  methods  of  instruction  of  the  work  in 
each  subject  in  order  to  secure  the  utmost  efficiency.  The  in- 
struction in  mathematics,  chemistry  and  physics  should  be 
adapted  to  engineer  needs,  and  conversely  engineering  pro- 
fessors should  use  the  latest  and  best  mathematical,  chemical 
and  physics  ideas  and  methods  in  their  engineering  classes. 

10.  Intelligowe  and  Vocational  Tests  should  be  applied  to 
all  engineering  students. 
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For  the  present  such  tests  should  be  applied  as  educational 
research  in  order  to  compare  the  results  with  attainment  in 
classes  and  in  professional  engineering  work,  in  the  hope  that 
reliable  tests  and  standards  may  result. 

The  writer  presents  a  diagram  showing  the  results  obtained 
by  apphing  the  army  intelligence  tests  to  the  1918-19  fresh- 
men at  the  Iowa  State  College. 

(a)  The  curves  for  all  courses  show  that  the  college  fresh- 
men rates  mentally  very  far  above  the  average  man.  the  news- 
paper humorist  to  the  eontran-  notwithstanding.  The  college 
freshman  rates  on  a  par  with  the  army  officer  of  the  present 
war  as  to  intelligence  capacity. 

(&)  The  engineering  freshman  passed  the  ainny  intelligence 
test  somewhat  more  successfully  than  his  brothei^s  or  sisters  in 
other  courses.  This  superiority  did  not  show  in  the  arith- 
metical test  but  did  in  the  number  relation  tests. 

(c)  It  is  proposed  to  compare  individual  results  in  the  in- 
telligence t«st  with  actual  attainments  in  classes  and  in  out- 
side work  and  quite  possibly  new  intelligence  tests  should  be 
devised  for  college  students. 

11.  Rating  Tests. — Every  student  should  be  rated  by  every 
instructor  under  whom  he  takes  work  as  to  general  qualifica- 
tions as  well  as  class  attainments.  Dr.  Mann  devised  a  rating 
before  the  war  which  gave  75  per  cent,  weight  to  manhood 
qualifications  and  only  25  per  cent,  to  professional  training 
and  experience,  basing  these  figures  on  numerical  tabulations 
of  answers  by  engineers  to  a  questionnaire.  The  writer  be- 
lieves that  the  rating  test  used  for  army  officers  during  the 
war  is  better.    It  is  as  follows : 

Per  rpDt.  Per  Cent. 

Physical  qualifications 15 

IntelligeiKe  qualifications 15 

Leadership  qualifications 15 

Personal   qualifications    15 

Total  manhocnl  qualifications 60 

Professional  training  and  experience 40 

fdo 
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Quite  possibly  a  still  better  rating  standard  might  be  devised 
for  engineers.  No  engineering  student  should  receive  an 
engineering  degree  unless  the  average  of  his  ratings  by  in- 
structors reaches  a  high  prescribed  standard. 

12.  The  Faur-Quarter  Plan. — The  writer  favors  organizing 
all  college  and  university  work  on  the  four-"  quarter "  plan, 
extending  throughout  practically  the  entire  year  and  repeat- 
ing essential  courses  every  six  months. 

13.  Outside  Engineering  Practice  for  Engineering  Students. 
— The  writer  favors  requiring  each  engineering  student  to  com- 
plete at  least  nine  months  of  actual  engineering  practice  out- 
side the  college  before  receiving  an  engineering  degree.  Such 
work  should  be  under  outside  employers  but  with  some  gen- 
eral inspection  by  the  engineering  college.  The  four-quarter 
plan  of  operation  would  enable  this  requirement  to  be  met 
within  the  four  years  now  required  for  graduation. 

14.  The  Engineering  Problem  Method  of  Instruction. — The 
writer  favors  trying  out  the  engineering  problem  method  of 
instruction  on  a  limited  scale  at  tirst,  as  an  engineering  educa- 
tion research. 

At  the  Iowa  State  College  it  is  proposed  to  start  such  work 
next  fall  to  the  extent  of  1  credit  hour  per  week  in  the  fresh- 
man year  in  all  courses  (three  actual  hours  per  week  by  each 
student  with  the  instructor)  and  to  extend  this  to  the  sopho- 
more year  if  it  proves  successful. 

A  specialist  will  be  in  general  charge,  under  whom  a  repre- 
sentative from  each  engineering  department  will  give  part 
time  to  the  work. 

The  engineering  problem  instructors  of  this  group  are  to  be 
of  the  grade  of  associate  professors  at  least,  and,  when  rein- 
forced for  this  purpose  by  representatives  of  the  mathematics, 
chemistry  and  physics  faculties  are  to  constitute  a  "liaison 
group '  '■  for  the  coordination  of  all  fundamental  and  engineer- 
ing technique  instruction,  whether  by  science  or  by  engineer 
faculties. 
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Discussion. 

F.  W.  McNair:  Mr.  President,  I  regret  that  we  have  not 
more  time  to  discuss  this  paper.  It  is  a  very  interesting  one, 
one  full  of  snggestions.  There  are  just  two  things  that  T  want 
to  say  about  it. 

One  is  I  was  very  much  interested  as  Dean  Marston  devel- 
oped his  suggestions  to  recognize  many  of  them  as  familiar  in 
discussion  to  a  period  of  this  Society  dating  back  something 
like  ten  years  I  guess — I  have  not  stopped  to  count  it  up  ex- 
actly— and  to  see  how  some  of  the  things  we  were  very,  very 
much  interested  in  discussing  then  are  brought  up  by  him  as 
yet  important  things. 

And  then  I  want  to  say  just  a  word  about  the  S.  A.  T.  C, 
which,  judging  by  some  of  the  things  that  have  been  said,  one 
would  think  was  an  odoriferous  memory.  I  want  to  testify 
in  one  case,  namely  that  of  the  institution  with  wliich  I  am 
connected,  I  am  very  well  satisfied  that  had  the  war  continued 
a  year  longer  than  it  did,  the  work  would  have  been  made  a 
success.  The  institution  was  fortunate  in  having  assigned  as 
commandant  of  the  post  an  officer  who  had  had  college  work, 
and  he  appreciated  very  quickly  many  of  the  problems  from 
the  teacher's  side. 

Then  too  the  institution  I  think  was  fortunate  in  having  a 
faculty  that  were  very,  very  anxious  to  serve  in  the  war  and 
were  \er\'  anxious  to  cooperate  with  the  military  people  in 
any  possible  way. 

The  result  was  a  minimum  of  friction,  and  I  think  a  maxi- 
mum of  good  work  for  the  time  the  organization  lasted,  and 
certainly  a  maximum  of  promise  of  what  would  have  occurred 
in  the  course  of  a  year. 

J.  P.  J.  Williams:  Mr.  President,  there  are  two  points  I 
would  like  to  suggest  directly  in  line  with  what  Dean  Marston 
has  brought  out. 

The  first  is  the  matter  of  experienced  teachers  and  how  to 
get  the  required  compensation  for  experienced  teachers  and 
the  disadvantage  of  using  cheap   instructors.     The  solution 
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which  occurs  to  me,  if  you  cannot  get  the  added  amount  from 
the  executive  authorities,  is  that  perhaps  the  application  of 
the  "case"'  method  itself  in  its  working  out  would  make  pos- 
sible the  elimination  of  some  of  the  cheaper  instructors  and 
the  concentration  on  high  priced  men,  which  means  of  course 
using  the  salary  now  given  instructors  to  pay  the  high  priced 
man.  Why  not  work  the  student,  instead  of  working  the 
teacher  or  the  instructor? 

I  also  believe  there  should  be  courses  in  what  you  might 
call  "self -management'*;  that  is.  resulting  from  the  expe- 
rience in  the  war  you  can  easily  see  the  advantage  of  a  course 
which  would  teach  men  how  to  handle  themselves.  Give  them 
physical  training,  physical  education,  mental  ability  to  an- 
alyze ;  and  I  would  follow  it  right  thi'ough  to  moral  develop- 
ment. Self-management  after  all,  if  you  stop  to  think  of 
it.  is  what  is  needed  in  practical  life.  "We  must  get  men  who 
are  able  to  handle  their  bodies,  to  really  get  the  results  that 
they  are  desiring  to  get  when  they  have  a  practical  situation 
placed  before  them.  And  such  a  course  would  be  easily  used 
in  those  three  directions,  as  a  freshman  course,  to  teach  the 
students  how  to  think,  how  to  study,  how  to  actually  make  the 
best  use  of  their  time  in  the  college,  and  in  that  way  be  sure 
that  what  time  is  spent  by  the  student  in  these  forty-eight 
hours  or  more  which  you  are  requiring,  will  really  be  pro- 
ductive and  effective. 

And  then  I  would  also  like  to  see  credit  given  for  student 
activities. 

The  call  from  the  world,  the  call  from  practical  life  is  for 
men  of  character.  Character  is  developed  by  association  with 
each  other.  Wliy  not  give  credit  to  the  social  activities,  the 
student  activities  in  engineering  societies,  remembering  that 
the  Development  Committee  of  the  American  Society  of  Civil 
Engineers  and  probably  of  all  the  engineering  societies  is 
advocating  student  sections  in  the  colleges.  Those  student 
sections  should  be  given  college  credit;  and  in  these  student 
sections  can  be  developed  the  ability  of  our  young  men  to 


288  THE    EFFECT    OF    THE    WAR. 

present  papers,  to  discuss  them  from  the  floor,  to  really  be- 
come well  fitted  for  leadership  iu  the  future. 

Dean  Taylor:  We  might  as  well  get  down  to  brass  tacks  in 
this  thing.  The  most  important  thing  in  this  report  is  the 
question  of  salary.  Let  us  face  it  and  be  honest  about  it. 
The  question  is  how  to  get  it.  Engineers  who  are  graduates 
of  institutions  are  now  superintending  bricklayers  and  car- 
penters at  half  the  salary  the  bricklayer  is  getting.  All  over 
the  country  the  movement  has  taken  place  in  regard  to  teach- 
ers' salaries.  Some  teachers  down  in  Texas  practically  agreed 
to  walk  out  unless  something  was  done.  And  the  City  Board 
met  and  got  together  and  the  citizens  got  together  and  agreed 
on  backing  a  twenty-five  per  cent,  increase  for  the  teachers  in 
the  city  of  Dallas.  We  were  told  in  Texas  that  we  would 
probably  get  a  ten  per  cent,  increase,  but  we  realize  that  food 
supplies  have  gone  up  about  one  hundred  per  cent. 

Now,  there  are  many  vital  things  in  Dean  Marston's  re- 
marks, but  this  is  absolutely  the  most  vital,  because  if  some- 
thing is  not  done,  the  young  men  that  we  may  treat  as  the 
seed  corn  of  the  teaching  profession  in  engineering  will  go 
into  other  lines  of  cativity. 

A.  H.  Fuller:  Mr.  Chairman.  I  would  like  to  call  attention 
to  a  portion  of  Mr.  Smith's  discussion.  "The  effect  of  the  war 
on  engineering  education,""  in  which  he  points  out  that  one 
advantage  is  that  it  cleared  the  atmosphere  in  a  way  never 
cleared  before,  and  probably  never  cleared  before  for  making 
radical  and  decided  changes  should  be  made. 

George  W.  Case:  Mr.  President,  it  seems  to  me  that  the 
severe  criticism  brought  out  in  the  paper,  that  school  faculties 
are  directing  against  themselves  for  their  reputed  failure  in 
the  S.  A.  T.  C.  work  of  last  fall,  emphasizes  a  matter  worthy 
of  discussion. 

From  what  we  have  heard  and  experienced  in  regard  to  the 
S.  A.  T.  C.  work,  we  are  justified  iu  assuming  that  some 
schools  were  quite  successful  in  handling  this  work  and  others 
were  quite  the  opposite.     This  is  as  might  have  been  expected. 
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University  faculties  in  this  country  have  not  had  experience 
in  working  with  our  army  organizations.  The  two  organiza- 
tions have  had  no  opportunity  to  cooperate  on  a  job.  There- 
fore, the  first  time  they  try,  one  need  not  expect  full  success 
to  crown  the  effort.  There  is  really  no  reason  for  this  severe 
criticism. 

In  my  mind  our  experience  with  the  S.  A.  T.  C.  work  em- 
phasizes the  fact  that  if  educational  work  during  normal  times 
is  going  to  be  as  successful  as  the  student  and  everyone  else 
has  a  right  to  expect,  members  of  school  faculties  must  learn 
to  give  each  other  the  fullest  cooperation. 

0.  M.  Leland:  Mr.  Chairman.  I  think  one  of  the  great  ef- 
fects of  the  war  that  has  shown  itself  in  education  has  been 
the  number  of  schools  that  have  been  established  in  connection 
with  war  work.  Two  years  devoted  to  war  so  far  as  this 
country  is  concerned  have  done  a  very  great  deal  education- 
ally, and  new  methods  have  been  evolved,  and  the  schools 
have  been  adapted  to  all  comers  without  regard  to  their  quali- 
fications in  many  cases.  I  think  the  result  is  going  to  be  that 
there  will  be  a  great  stimulus  in  engineering  schools,  as 
pointed  out  by  Dean  Marstou,  in  that  a  great  many  men  who 
are  now  perhaps  a  little  too  old  to  undertake  the  usual  en- 
trance requirements  of  engineering  schools  will  go  after  spe- 
cial courses.  Their  interest  has  been  aroused  in  engineering, 
perhaps  through  their  attendance  at  trade  schools  or  engi- 
neering schools  in  the  Army. 

One  of  the  things  that  came  to  my  attention  most  promi- 
nently in  the  war  service  was  the  fact  that  you  can  accom- 
plish almost  anything  with  almost  any  kind  of  human  material 
in  the  way  of  education  if  you  only  cultivate  their  interest  in 
the  work  that  you  are  giving  them. 

I  had  the  unique  experience  of  having  to  organize  a  tech- 
nical school  up  in  the  Schnee-Eiffel  of  Germany.  This  school 
was  for  soldiers,  and  there  were  about  five  hundred  men  there. 
They  all  worked  hard,  and  had  absolutely  no  diversions  out- 
side of  the  school,  although  inside  of  the  school  we  were  able 
20 
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to  grive  them  some  of  the  usual  entertainments  provided  by 
the  Y.  M.  C.  A.  But  at  the  close  of  this  little  school  all  of  the 
men  seemed  to  have  been  very  much  enthused  by  their  work ; 
and  I  think  that  it  was  just  because  their  interest  was  aroused 
in  all  of  the  courses  that  they  took. 

It  was  not  entirely  elective  work,  although  the  students 
elected  the  general  lines  along  which  they  were  to  study.  But 
every  man,  no  matter  what  his  qualifications,  was  required 
for  one  thing  to  take  a  course  in  practical  English,  as  we  called 
it.  He  was  supposed  to  receive  instruction — and  I  think  he 
did  receive  effective  instruction — in  practical  English  in  the 
writing  of  letters  and  the  correction  of  errors. 

E.  J.  McCaustland:  Mr.  President,  for  a  number  of  years 
educators  have  been  demanding  that  more  importance  be  at- 
tached to  the  fundamental  training  underlying  engineering 
education.  It  appears  to  me  that  at  the  present  time  the 
tendency  is  too  much  in  the  other  direction,  due  to  an  insistent 
call  from  the  War  Department  for  the  establishment  of  vari- 
ous units.  In  one  institution  at  least  there  has  been  a  flood 
of  communications  from  various  quarters,  different  branches 
of  the  army,  to  establish  special  units.  Administrative  officers 
in  some  universities  are  desirous  of  attempting  to  do  every- 
thing that  may  be  asked.  They  do  not  like  to  be  left  out  of 
any  scheme  that  may  be  developed. 

I  believe  that  this  body  of  engineering  educators  should  give 
some  attention  to  the  possible  danger  that  may  come  from  this 
source. 

R.  H.  Danforth:  I  am  very  much  interested  in  three  or 
four  points  that  have  been  brought  up. 

Starting  out  with  Dean  Marston  regarding  the  question  of 
fixing  our  courses  to  meet  the  needs,  I  would  like  to  call  atten- 
tion to  the  fact,  as  the  last  speaker  suggested,  that  military 
needs  are  only  a  comparatively  small  fraction.  They  may  be 
the  most  pressing  ones  at  the  present  time.  But  they  are  com- 
paratively small,  and  the  probability  is  that  they  will  absorb 
a  practically  small  fraction  of  our  graduates. 
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Regarding  the  case  method,  we  apparently  got  the  jump 
on  some  of  the  other  organizations  a  little  while  ago  for  this 
very  thing:  We  got  together  about  sixty  of  our  prominent 
graduates  from  the  Cleveland  district  and  had  a  pow  wow 
with  them.  Most  of  them  are  employers  that  are  employing 
our  own  men,  and  others  were  in  a  position  where  they  could 
advise  us,  and  we  have  gotten  them  to  agree  to  form  a  sort 
of  an  alumni  organization  which  shall  advise  us  to  the  best  of 
their  ability  as  to  what  the  demands  of  the  country  for  engi- 
neering graduates  will  be  five  years  after  each  class  graduates, 
because  we  feel  that  five  years  after  the  man  graduates  is 
about  the  time  when  he  begins  to  work  on  his  own  initiative ; 
so  that  that  means  we  are  trying  to  look  ahead  into  a  period 
of  ten  years  and  forsee  as  well  as  we  can  the  needs  of  the 
country,  and  the  needs  of  the  people  who  are  going  to  hire  our 
men  at  that  time. 

Now,  that  has  not  gotten  into  effect  yet  w^here  I  can  give 
you  any  definite  data  on  it,  but  I  am  offering  it  as  a  sugges- 
tion that  we  have  got  to  train  our  men  to  meet  the  require- 
ments of  the  world,  the  world  of  employers,  and  by  just  so 
well  we  meet  that  need  do  we  make  good  as  engineers  and 
engineering  organizations. 

Of  course  there  is  a  great  deal  to  be  said  about  the  head  of 
the  department  who  has  men,  specialists  in  a  line,  and  who  is 
supposed  to  know  the  needs  of  the  world  in  his  line.  But  the 
mere  fact  that  he  is  a  specialist  frequently  vitiates  that  to  a 
large  extent;  and  that  is  why  I  suggest  going  after  the  alumni. 


CHANGE   IN    COURSES   AT   UNIVERSITY    OF 
FLORIDA. 

BY  J.  E.  BEXTOX. 

My  only  excuse  for  taking  your  time  to  describe  -what  is 
being  done  at  one  of  the  smallest  of  engineering  schools  is  that 
our  problems  at  the  University  of  Florida  are  probably  simi- 
lar to  those  of  a  good  many  other  engineering  schools  at  insti- 
tutions remote  from  industrial  centers. 

The  appearance  of  Dr.  Mann's  report  has  been  the  occasion 
of  an  effort  to  realize  a  nui\iber  of  the  changes  suggested  by 
him,  which  we  had  already  regarded  as  desirable,  but  which 
we  had  not  introduced  before,  either  through  inertia,  or  for 
fear  that  we  would  deviate  too  much  from  what  had  been 
customary  in  other  institutions.  The  changes  we  are  making 
take  effect  next  fall. 

Dr.  Mann's  first  suggestion  is  that  the  number  of  required 
credit  hours  per  week  should  be  less  than  eighteen — preferably 
sixteen.  In  discussing  this,  we  found  tlie  credit  hour  so  un- 
satisfactory a  unit  that  we  abandoned  it,  and  used  clock  hours, 
as  was  done  during  the  S.  A.  T.  C,  and  as  is  done  at  the 
Massachusetts  Institute  of  Technology.  For  each. course  we 
noted  the  clock  hours  required  for  class-room  work,  for  ex- 
pected outside  study,  and  for  laboratory,  field  or  drafting 
room.  The  hours  of  outside  study  for  each  hour  in  class  were 
usually  two,  but  were  varied  for  different  subjects.  Next  we 
tried  to  discover  what  quantity  of  work  per  week  would  pro- 
duce the  greatest  results.  And  we  did  not  do  this  by  any 
arbitrary  statement  that  an  engineering  student  ought  to  be 
willing  to  put  in  fifty- four  hours  a  week,  or  any  other  arbi- 
trary number.  Instead,  we  looked  up  a  little  industrial  his- 
tory, and  verified  the  fact,  doubtless  familiar  to  you  all,  that 
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reduction  in  working  hours  in  factories — down  to  eight  per 
daj^ — has  generally  brought  the  employers  a  pleasant  surprise 
in  increased  output^not  increased  output  per  hour,  but  in- 
creased total  output.  We  also  noted  that  our  own  experience 
had  been  that  we  could  not,  without  getting  brain-fag,  keep 
up  as  intense  mental  effort  as  we  wish  our  students  to  make, 
for  as  much  as  eight  hours  a  day  every  day.  Then  we  asked 
the  professor  of  psychology  to  give  us  an  unbiassed  statement 
as  to  what  amount  of  mental  work  per  day,  for  long  periods,' 
would  produce  the  greatest  results  in  a  normal  college  student. 
He  replied  seven  hours  of  assigned  work  requiring  close  atten- 
tion, with  an  hour  or  two  of  light  reading  such  as  current 
magazines  or  general  literature. 

We  accordingly  undertook  to  rearrange  our  curriculum  so 
as  to  require,  in  addition  to  military  drill  and  required  gymna- 
sium, not  over  forty-two  clock-hours  per  week  of  hard  study, 
or  its  equivalent.  We  recognized  that  laboratory,  field  and 
drafting-room  work  call  for  less  nerve  energy  than  study  or 
class-room  work,  properly  conducted ;  of  the  former  eight  or 
nine  hours  a  day  is  not  too  much ;  accordingly  in  making  up 
our  total,  we  counted  each  hour  of  laboratory,  field  or  draft- 
ing-room as  equivalent  to  seven-eights  or  seven-ninths  of  an 
hour  of  purely  mental  work — the  ratio  varying  according  to 
the  nature  of  the  work. 

To  bring  our  curriculum  down  to  forty-two  clock-hours  per 
week  (not  continuous  military  work)  we  had  to  leave  out  all 
electives,  and  also  the  modern  language,  of  which  two  years 
had  been  required.  A  part  of  the  time  which  had  been  given 
to  it  will  in  future  be  devoted  to  economics  and  the  human 
side  of  engineering.  We  hope  that  the  students  will  also  gain 
some  humanizing  influences  through  better  opportunity  to 
join  in  general  student  activities,  which  has  been  hardly  pos- 
sible in  the  past  without  loss  of  standing  in  their  studies. 

While  it  is  generally  agreed  that  engineering  courses  in  the 
past  have  been  too  crowded,  we  recognize  that  we  may  be  now 
going  too  far  to  the  other  extreme,  and  we  expect  to  be  very 
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watchful  of  the  results  of  our  new  curriculum,  with  a  view 
to  addiug:  more  subjects  if  it  should  turn  out  to  be  too  easy. 
The  engineering  courses  have  been  considered  the  most  diffi- 
cult ones  on  our  campus,  and  we  wish  them  to  retain  that 
reputation. 

Dr.  Mann's  second  suggestion,  that  the  number  of  subjects 
studied  simultaneously  be  limited  to  five,  could  not  be  fol- 
lowed throughout,  on  account  of  the  fact  that  a  number  of  the 
general  courses  such  as  chemistry,  English,  and  mathematics, 
are  given  in  common  for  other  colleges  of  the  university,  be- 
sides the  college  of  engineering.  A  number  of  other  courses 
are  common  to  students  of  civil,  electrical,  mechanical,  and 
chemical  engineering.  These  conditions  interfered  greatly 
with  freedom  in  arranging  the  sequence  of  work  in  the  course 
in  any  one  branch  of  engineering. 

We  are  introducing  orientation  lectures  for  the  first  semester 
of  the  freshman  year,  one  hour  a  week.  We  did  not  find  it 
feasible  to  introduce  any  technical  engineering  subjects  (ex- 
cept drawing  and  shop)  into  the  freshman  year,  but  we  are 
trying  to  bring  as  many  engineering  examples  as  possible  into 
the  freshman  mathematics  and  physics. 

We  regard  participation  in  real  industrial  work  as  very 
important.  Situated  as  we  are  in  a  rural  community  in  a 
state  with  comparatively  few  industrial  establishments,  any- 
thing like  the  Cincinnati  cooperative  .system  is  hopelessly  out 
of  the  question.  Our  best  solution  seems  to  be  by  vacation 
emplo%'ment  of  engineering  students,  and  we  are  trying  to 
develop  that  to  the  point  where  we  can  guarantee  opportunity 
for  engineering  employment  in  vacations  to  every  student, 
and  then  make  a  certain  amount  of  such  work  a  requirement 
for  graduation.  To  make  a  beginning  in  this  direction,  I 
pointed  out  to  all  of  our  engineering  students,  about  two 
weeks  before  our  session  closed,  the  desirability  of  their  taking 
summer  employment,  and  at  the  same  time  I  sent  out  a  circu- 
lar letter  to  about  one  hundred  and  fifty  possible  employers 
in  Florida.     I  had  supposed  that  the  difficulty  would  be  in 
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finding  enough  openings  for  the  students,  but  it  turned  out 
just  the  other  way.  Fewer  students  responded  than  I  had 
expected,  and  more  employers:  so  that  in  a  short  time  I  had 
to  writ«  to  employers  that  the  supply  was  exhausted.  One 
reason  for  the  small  response  of  the  students  was  that  a  gre-at 
many  were  obliged  to  attend  R.  0.  T.  C.  camps. 

In  addition  to  the  changes  in  arrangement  of  courses  just 
mentioned,  we  are  of  course  trying  to  follow  Dr.  Manns 
numerous  valuable  suggestions  in  regard  to  the  conduct  of  the 
work  within  each  course,  such  for  instance  as  the  use  of  a  good 
many  problems  involving  commercial  considerations. 


MODIFICATIONS  IN  THE  ENGINEERING  CURRI- 
CULA AT  THE  KANSAS  STATE  AGRICUL- 
TURAL COLLEGE. 

BY  A.  A.  POTTER. 

In  order  to  arouse  and  to  maintain  the  interest  of  engineer- 
ing students  in  their  work,  the  Kansas  State  Agricultural  Col- 
lege will  require  all  freshmen  engineering  students  to  pursue 
certain  intensive  and  concrete  courses,  closely  related  to  the 
profession  for  which  they  are  preparing.  Each  course  will 
count  for  two  semester  units  of  credit  and  will  consist  of  six 
hours  per  week  of  combined  classroom  work,  laboratory  prac- 
tice and  supervised  study.  These  courses  for  the  freshmen 
students  will  be  given  by  the  older  and  more  experienced 
teachers  in  the  several  departments.  The  details  concerning 
these  intensive  courses  follow : 

1.  All  freshmen  engineering  students  will  be  required  to 
take  a  two-unit  course  for  one  semester  in  plane  surveying 
and  a  two-unit  course  for  one  semester  in  shop  practice. 

2.  Freshmen  mechanical  engineering  students  will  be  re- 
quired to  take  a  two-unit  course  for  one  semester  in  tlie  ele- 
ments of  steam  and  gas  power  engineering.  This  will  be  a 
non-mathematical  course  and  will  deal  with  the  construction 
and  operation  of  boilers,  steam  engines.,  steam  turbines,  steam 
power  plant  auxiliaries,  internal  combustion  engines,  gas  pro- 
ducers and  power  vehicles. 

3.  Civil  engineering  students  will  be  required  to  take  sur- 
veying during  their  entire  freshman  year. 

4.  Electrical  engineering  students  will  be  required  to  take 
a  two-unit  course  for  one  semester  during  their  freshman  year 
in  electrical  machinery  and  construction.  This  course  will 
include  electric  wiring,  and  the  operation  and  repair  of  elec- 
trical machinery. 
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The  above  outline  has  been  tried  out  during  the  college  year 
1918-1919  and  those  responsible  *for  the  curricula  feel  that 
these  intensive  courses,  offered  during  the  freshman  year,  vs^ill 
better  prepare  the  engineering  students  for  the  more  abstract 
subjects  of  the  later  years,  while  reducing  the  mortality 
among  engineering  freshmen  by  maintaining  their  interest. 
The  course,  as  given,  includes  about  two  hours  per  week  of 
class  room  work  and  four  hours  per  week  of  laboratory  work 
or  supervised  study.  The  teachers  feel  that  a  limited  amount 
of  supervised  study  enables  the  students  to  work  problems 
independently,  while  aiding  the  teachers  in  making  the  in- 
struction nearly  individual. 

In  order  to  make  room  for  the  above  concrete  courses,  ana- 
lytical geometry  had  to  be  shifted  from  the  freshman  to  the 
first  semester  of  the  sophomore  year  and  the  course  in  calculus 
is  given  during  the  second  semester  of  the  sophomore  year  and 
the  first^  semester  of  the  junior  year. 


THE  NEW  COURSE  AT  TUFTS  COLLEGE. 

BY  G.  C.  ANTHONY, 
Dean  of  the  Engineering  School. 

The  sudden  departure  from  the  generally  accepted  cur- 
ricula of  engineering:  schools  which  was  made  at  Tufts  Col- 
lege last  January  requires  a  word  of  explanation  in  that  it 
might  appear  to  have  been  hastily  entered  into,  and  its  seem- 
ing success  one  of  chance.  In  reality  it  was  the  product  of 
five  years  of  investigation,  study  and  experimenting.  This 
was  largely  stimulated  by  the  discovery,  which  I  reported 
several  years  ago,  of  the  apparently  universal  lowering  of 
scholastic  standards  during  the  sophomore  year,  and  it  also 
appeared  that  some  of  the  intellectual  depreciation  was 
chargable  to  the  curriculum.  The  freshman  program  has 
always  been  rich  in  fundamentals,  but  the  vision  of  the  pros- 
pective engineer  has  not  been  equal  to  correlating  the  mathe- 
matics, physics  and  modern  language  with  the  ideals  which 
have  inspired  him  to  enter  the  field  of  technical  education ; 
he  has  not  been  given  the  opportunity  to  orient  himself  early 
in  his  course  by  direct  contact  with  the  applied  field  of 
engineering. 

In  1913-1914  this  topic  was  made  the  subject  of  investiga- 
tion by  several  faculty  committees  and  a  result  of  their  find- 
ings was  to  recommend:  (1)  A  reduction  in  the  number  of 
subjects  pursued  at  one  time;  (2)  a  closer  coordination  of  the 
several  departments,  and  a  consideration  of  the  possibility  of 
a  single  course  in  engineering  for  three  years  with  opportunity 
for  specialization  in  the  fourth  year;  (3)  the  introduction  of 
engineering  subjects  much  earlier  in  the  course ;  (4)  the  neces- 
sity for  a  closer  correlation  of  theory  and  practice  together 
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with  an  inversion  of  the  usual  order  by  introducing  labora- 
tory practice  previous  to  the  consideration  of  much  theory. 

About  this  time  the  work  of  the  Joint  Committee  on  Engi- 
neering Education  began,  and  Dr.  Mann  became  known  to  all 
of  us  as  a  seeker  after  truth  as  applied  to  engineering  educa- 
tion. Our  faculty  kept  in  touch  with  this  investigation  and 
tried  out  many  of  the  suggestions  made  by  Dr.  Mann  as  well 
as  those  made  by  members  of  our  own  school.  It  is  very  ap- 
parent now  that  the  reason  for  no  greater  success  in  our  ex- 
periments lay  in  the  lack  of  unity  in  action  on  the  part  of  the 
faculty;  in  the  failure  to  obtain  a  closer  cooperation;  in  the 
reluctance  of  the  several  departments  to  put  all  of  the  subject 
matter  into  the  educational  melting  pot ;  and  in  regarding  the 
problem  as  one  of  professional  training  rather  than  of  broad 
educational  development. 

It  required  the  world  war,  its  demand  on  all  our  resources 
and  the  doing  of  the  seeminglj-  impossible  to  overcome  these 
obstacles.  Vocational  training  in  untried  fields  with  inade- 
quate equipment,  indeed  with  no  equipment  whatever,  neces- 
sitated the  abandoning  of  time  honored,  but  antiquated  meth- 
ods, and  the  adoption  of  means,  not  altogether  desirable,  but 
which  sufficed  to  accomplish  the  desired  end. 

Previous  to  this  we  had  tried  certain  intensive  courses  which 
were  open  to  students  of  high  grade  who  had  completed  one 
half  of  the  senior  year  in  high  school.  One  such  course  was 
designed  to  meet  the  demand  for  a  short  cut  method  in  the 
training  of  an  electrician.  The  pupils  began  the  course  with 
much  laboratory  work  and  little  instruction  in  theory.  The 
latter  was  considered  later  when  the  intellectual  appetite  had 
been  greatly  stimulated  by  the  attempt  to  overcome  obstacles 
of  a  practical  character.  The  results,  which  were  largely 
due  to  the  interest  and  enthusiasm  on  the  part  of  the  students, 
far  exceeded  our  greatest  anticipation,  and  this  experience 
stimulated  us  to  seriously  consider  the  adoption  of  the  prin- 
ciple which  we  had  previously  declared  as  good,  namely,  that 
more  practice  should  precede  theory. 
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Thus,  when  we  experienced  the  upheaval  due  to  the  de- 
mobilization of  the  S.  A.  T.  C.  we  were  ready  to  sacrifice 
much  to  the  melting  pot,  and  the  psychological  moment  for 
the  inauguration  of  the  new  course  seemed  to  have  come. 

The  New  Course. 

The  ideals  which  we  aimed  to  realize  through  the  new  cur- 
riculum were:  (1)  To  present  a  survey  or  perspective  of  a 
chosen  field  of  engineering  previous  to  a  detailed  study  of 
fundamentals;  (2)  to  coordinate  theory  and  practice  by  using 
projects  of  a  distinctively  engineering  character  involving 
theory;  (3)  to  reduce  the  number  of  subjects  studied  at  one 
time  while  intensifying  the  work  in  these  subjects;  (4)  to  rate 
the  student  by  observations  on  his  character  as  well  as  by  the 
quality  and  quantity  of  the  prescribed  task. 

Our  first  step  in  the  simplifying  of  the  curriculum  was  to 
reduce  the  number  of  departments  from  four  to  two  by  com- 
bining the  electrical  and  mechanical  departments,  and  the 
civil  and  structural  departments.  It  is  the  curriculum  of 
these  combined  departments  which  I  shall  describe. 

The  most  radical  feature  and  basic  principle  in  accomplish- 
ing these  ideals  is  that  of  introducing  the  student  at  the  be- 
ginning of  his  freshman  year  to  a  main  introductory  course  in 
his  chosen  field  of  engineering  to  which  he  will  devote  about 
one  third  of  his  time.  This  is  designed  to  give  him  a  perspec- 
tive of  engineering  practice  and  an  acquaintance  with  the  in- 
struments and  vocabulary  of  the  profession.  It  consists  of 
laboratory  practice,  recitations,  and  the  necessary  prepara- 
tion, all  of  which  will  be  described  later. 

The  remainder  of  his  time  is  given  to  mathematics  and  the 
art  of  expression  through  the  medium  of  the  English  and 
graphic  languages. 

At  the  beginning  of  the  sophomore  year  it  is  possible  for  a 
student  to  change  his  department  and  not  lengthen  his  col- 
lege course,  but  if  he  continues  in  the  same  department  he  will 
take  twelve  hours  of  work  in  that  department  during  this 
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second  college  year.  He  will  also  be  required  to  take  two 
supplementary  courses,  one  in  the  alternate  department  and 
one  in  that  of  chemistry,  each  requiring  eight  term  hours. 
The  fourth  subject  in  the  curriculum  is  that  of  mathematics 
and  mechanics  which  will  be  taught  as  one  subject. 

In  the  junior  year  the  departmental  work  is  increased  to 
eighteen  hours  to  which  are  added  applied  mechanics  and 
physics.     This  program  will  permit  of  one  elective. 

In  the  senior  year  one  subject  only  is  required,  namely, 
engineering  economics  and  business  law,  but  if  the  student 
avails  himself  of  perfect  freedom  in  election  and  completes 
the  required  number  of  hours,  which  is  136  for  the  four  years, 
he  will  receive  the  degree  of  bachelor  of  science  in  engineering. 
On  the  other  hand,  should  he  specialize  in  electrical,  mechan- 
ical or  civil  engineering,  fulfilling  special  requirements  in 
these  departments,  his  degree  will  read  bachelor  of  science  in 
mechanical  engineering,  electrical  engineering  or  civil  engi- 
neering. 

The  Main  Introductory  Course. 

The  most  important  feature  of  the  new  curriculum  is  the 
main  introductory  course  w'hich  is  conducted  on  the  project 
plan.  This  is  largely  laboratory  work  accompanied  by  sys- 
tematic instruction  and  recitations.  Four  distinct  projects  or 
fields  of  practice  are  assigned  in  each  department. 

In  civil  engineering  these  projects  are  designated  as  jobs 
and  a  number  assigned  to  each  as  would  be  the  case  in  office 
work.  Two  of  these  comprise,  for  the  present  year,  the  study 
of  garages,  one  of  wood  and  one  of  steel.  In  the  first  students 
were  required  to  meet  the  following  requirements:  (a)  Make 
sketches  and  measurements  of  the  building;  (&)  make  one 
eighth  inch  scale  drawings  of  plans,  sections  and  elevations ; 
(c)  estimate  the  material;  (d)  study  the  structure  with  respect 
to  the  following:  (1)  Computation  of  loads  on  members,  (2) 
discussion  of  materials  used  and  their  suitability,  (3)  labora- 
tory tests  on  beams,  (4)  consideration  of  the  strength  of  beams. 
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In  the  case  of  the  steel  strncture  the  students  were  made 
familiar  with  various  structural  shapes  and  methods  of  rivet- 
ing by  a  visit  to  the  mill.  They  were  then  required  to  prepare 
detailed  drawings  of  the  steel  beams,  columns  and  trusses  of 
the  garage.  Although  preceded  by  no  course  in  mechanics, 
the  graphic  analysis  of  the  forces  in  the  simple  structure  was 
obtained,  and  the  strength  of  the  several  component  parts  was 
jfigured  by  the  use  of  a  hand-book.  McCullock's  "Practical 
Structural  Design"  and  the  Carnegie  "Hand-Book"  were 
used  as  text-books  and  a  practical  course  in  drafting  accom- 
panied the  recitations  and  the  making  of  estimates. 

A  third  project  was  that  of  a  small  highway  bridge.  Free- 
hand sketches  and  measurements  were  made  of  the  structure 
from  which  plans,  elevations  and  details  were  prepared  in  the 
drafting  room.  This  was  accompanied  by  a  study  of  the 
mechanics  of  stresses  and  the  valuation  of  the  structure. 

The  fourth  project  was  a  preliminary  layout  and  survey  for 
an  underground  tunnel  for  a  central  heating  plant.  It  com- 
prised an  introductory  course  in  plane  surveying,  including 
the  use  of  transit  and  level,  topography,  plotting  contours, 
stadia  profiles,  note  keeping,  and  map-making  from  field  notes. 

These  four  projects  comprise  the  year's  work  for  the  fresh- 
man in  civil  engineering,  and  necessitates  three  laboratory 
periods  and  three  re<'itation  periods  per  week. 

Similarly  the  mechanical  and  electrical  department,  con- 
ducted its  main  introductory  course  by  dividing  the  work  of 
the  year  int-o  four  parts,  two  for  steam  and  gas  engine  pro- 
jects and  two  for  electrical  projects.  In  the  mechanical  de- 
partment the  projects  were  subdivided  into  a  series  of  jobs. 
For  example,  one  of  these  was  the  measurement  of  power  de- 
veloped and  delivered  by  the  steam  engine.  Thus  the  student 
became  familiar  with  the  reduction  of  motion  by  the  panto- 
graph, the  recording  of  pressures  by  the  indicator,  the  meas- 
urement of  areas  by  the  planimeter.  and  finally  the  absorption 
of  power  by  brakes.  This  made  necessary  a  study  of  the 
mechanics  of  these  topics  sufficient  to  give  a  proper  under- 
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standing  of  them.  Coordinated  with  this  was  the  text-book 
work  in  the  elements  of  steam  engineering,  including  auxiliary 
apparatus. 

In  the  second  project  the  student  was  introduced  to  the 
field  of  gas  engines  via  the  automobile.  Through  the  disas- 
sembling and  assembling  of  various  types  and  the  running  of 
the  engines  he  became  familiar  with  other  types  of  mechanism, 
and  this  was  done  to  impress  him  again  with  the  need  for 
more  advanced  study  in  theory  which  was  beyond  his  reach 
because  of  the  elementary  stage  of  his  mathematics,  mechanics, 
physics  and  chemistry. 

Another  approach  to  this  same  appreciation  was  through 
the  study  of  machine  tools  by  sketching  the  mechanism ;  figur- 
ing the  velocity  ratios  of  change  gears  and  shaper  mechanism ; 
and  drawing  a  simple  crank  diagram.  This  course  is  closely 
coordinated  with  that  of  graphics. 

In  the  department  of  electrical  engineering  the  student  was 
attacking  such  problems  as  the  distribution  of  potential  in  a 
lighting  circuit,  a  study  of  the  operation  of  batteries,  and  the 
calibration  of  watt  hour  meters  and  volt  meters.  This  work 
was  varied  to  meet  individual  needs  and  to  utilize  a  student's 
previous  preparation  or  experience.  The  student  M^as  placed 
on  his  own  responsibility  and  in  general  his  text-book  work 
followed  instead  of  preceding  the  experimental  work.  Thus 
in  dealing  with  the  subject  of  batteries,  the  student  was  first 
made  familiar  with  the  constituent  parts  of  storage  cells  and 
then  required  to  make  all  the  connections  for  charging  a  six- 
volt  battery  by  three  common  methods,  namely,  charging  from 
110- volt  D.C.  current  through  lamps;  by  a  small  motor  gen- 
erator set ;  and  by  means  of  a  Tungar  Rectifier.  He  was  also 
required  to  compare  the  results  and  determine  the  cost  of  an 
eight-hour  charge  by  each  method. 

I  can  well  understand  that  the  methods  used  in  this  intro- 
ductory course  may  appear  superficial  and  suggestive  of  a 
smattering  of  professionalism  in  catering  to  student  interest 
only,  but  the  results  prove  the  error  of  this  supposition.     If 
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you  have  not  tried  this  sort  of  thing  in  a  well  organized  and 
properly  coordinated  course,  you  have  no  conception  of  the 
interest,  enthusiasm,  and  keen  desire  for  the  more  advanced 
theoretical  work  which  is  produced  on  the  eag«r  and  receptive 
mind  of  a  freshman.  An  increase  in  observation  is  one  of  the 
most  noticeable  products  of  this  training,  and  the  students 
have  noted  the  effect  on  themselves.  Of  course  it  is  educa- 
tional heresy  to  talk  about  moments  of  inertia,  stresses  in 
trusses  and  the  strength  of  structures  before  a  student  has 
acquired  a  working  knowledge  of  calculus,  passed  all  the  re- 
quirements in  physics  including  light,  sound  and  electricity, 
and  has  a  working  knowledge  of  descriptive  geometry,  shades, 
shadow  and  perspective,  to  say  nothing  of  French  or  German, 
but  the  proof  of  the  pudding  is  in  the  eating  and  the  test  of 
the  educational  system  is  an  educated  man.  regardless  of  the 
thing  he  has  studied  or  the  progression  of  the  subject  matter. 

The  project  method  does  not  permit  the  teaching  of  funda- 
mental subjects  in  an  unrelated  manner,  and  unless  the  stu- 
dent is  made  to  see  the  inter-relation  of  these  subjects  and  to 
appreciate  the  value  of  a  more  extended  and  theoretical  study 
at  a  later  period,  the  main  object  of  the  method  will  be  lost. 

It  may  be  of  interest  to  note  iiere  that  each  of  these  projects 
has  been  tried  out  four  times  during  the  past  six  months  with 
increasing  interest  and  appreciation  on  the  part  of  the  faculty 
and  the  student  body. 

One  of  the  unexpected  results  of  the  introductory  course 
was  the  beneficial  effect  on  the  English  of  the  freshman  year. 
The  department  has  attributed  this  to  the  fact  that  the  stu- 
dents had  something  to  write  about,  and  showed  a  very  great 
desire  to  express  it  not  only  in  writing  but  from  the  platform 
where  they  have  been  called  to  explain  many  things  to  their 
fellow  students  and  discuss  the  course  itself. 

The  Curriculum  of  the  Upper  Classes. 

Concerning  the  special  features  of  the  second,  third  and 
fourth  years  I  need  only  call  your  attention  to  a  few  points 
which  are  as  yet  untried. 
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Save  that  extra  elective  hours  will  be  granted  to  the  better 
students  we  are  able  to  reduce  the  number  of  subjects  taken 
at  one  time  during  the  freshman  year  to  four,  and  five  are 
required  during  the  sophomore  and  junior  years. 

Where  a  number  of  related  subjects  are  scheduled  as  one, 
for  example,  the  machine  drawing,  mechanism  and  machine 
laboratory,  of  the  sophomore  year,  it  will  be  possible  to  give 
greater  freedom  in  expanding  and  contracting  its  several  divi- 
sions to  meet  changing  conditions  in  the  department  and  the 
varying  needs  of  classes. 

The  postponement  of  physics  until  the  junior  year  is  one 
of  the  suggestions  of  the  Joint  Committee  Eeport  and  will 
insure  a  much  more  cordial  reception  for  this  subject  by 
reason  of  the  increased  appreciation  on  the  part  of  students. 

There  is  a  slight  reduction  in  the  amount  of  required  mathe- 
matics but  more  freedom  is  granted  in  the  senior  year  for 
those  to  whom  the  higher  mathematics  may  be  a  profitable 
study. 

Modern  language  as  a  required  study  will  be  discontinued 
but  special  opportunity  for  its  continuance  as  an  elective  will 
be  afforded.  A  new  feature  of  the  courses  in  French  and 
Spanish  will  be  the  introduction  of  reading  and  lectures  relat- 
ing to  reconstruction  problems  and  the  international  trade 
relations,  especially  with  Spanish  speaking  countries.  This 
might  be  a  rather  difficult  coordination  to  realize  if  it  were 
not  that  the  personnel  of  our  faculty  is  peculiarly  adapted  to 
this  combination. 

The  closing  of  the  required  engineering  courses  at  the  end 
of  the  junior  year  for  those  who  wish  greater  freedom  in  elec- 
tion is  in  recognition  of  a  demand  which  has  increased  during 
several  years  past.  This  has  come  from  thosie  whose  taste  for 
the  humanities  has  been  cultivated  through  technical  training 
which  has  been  properly  correlated  with  languages  and  eco- 
nomics. My  somewhat  long  experience  has  led  me  to  believe  that 
the  so-called  cultural  studies  are  not  necessarily  cultural  when 
prescribed  at  the  beginning  of  a  technical  course.  The  desire  for 
21 
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these  subjects  should  be  a  natural  growth  under  the  influence  of 
instructors  who  have  a  sufficiently  broad  vision  to  realize  that 
even  technical  education  does  not  depend  entirely  on  subject 
matter  but  is  an  assimilation  of  everything  that  goes  to  build 
character.  If  a  student  of  engineering  has  not  acquired  some 
love  for  literature,  art,  and  the  humanities  through  the  influence 
of  his  course,  I  cannot  but  feel  that  there  is  something  wrong, 
with  something  or  somebody  somewhere. 

On  the  other  hand  if  the  student  desires  to  specialize  to  a 
high  degree  during  his  senior  year,  I  believe  it  wise  to  open 
the  gate  wide  to  this  field  of  education,  and  the  new  course 
provides  amply  for  such  an  opportunity. 

To  .summarize  the  foregoing  our  aim  in  the  new  curricu- 
lum is : 

1.  To  utilize  the  interest  and  enthusiasm  with  which  a  stu- 
dent enters  the  technical  school  by  introducing  him  at  unce  to 
real  live  engineering  problems,  and  to  so  vitalize  the  task  that 
the  disciplinary  value  of  study  ceases  to  appear  as  such. 

2.  To  make  the  freshman  year  of  such  value  that  if  circum- 
stances force  the  student  to  discontinue  his  course  he  shall 
have  acquired  a  vision  of  greater  things,  and  such  training  as 
will  afford  him  some  preparation  for  a  place  in  the  engineer- 
ing world. 

3.  To  determine  as  early  as  possible  the  fitness  of  the  stu- 
dent for  a  special  field  of  labor  and,  whenever  it  may  be  neces- 
sary, to  make  the  transition  to  another  field  both  simple  and 
profitable. 

4.  To  make  the  entire  course  so  flexible  as  to  adapt  it  to  the 
continuous  changes  which  take  place  in  the  natural  develop- 
ment of  the  student  mind. 

Lastly,  may  we  not  hope  to  make  the  college  course  effective 
for  that  great  class  of  students  who  have  formerly  been  de- 
clared by  our  faculties  as  unfit  material  for  the  engineering 
profession  and  who  later  happily  disappoint  us  by  becoming 
leaders  in  engineering  practice. 


CHANGES  IN  COURSES  AT  THE  A.  AND  M. 
COLLEGE  OF  TEXAS. 

BY  F.  C.  BOLTON. 

When  I  began  to  think  of  a  few  words  to  say  on  this  subject, 
I  expected  to  emphasize  the  desirability  of  beginning  the  dif- 
ferentiation between  the  various  engineering  courses  as  early 
as  possible.  For  some  time  we  have  been  beginning  our  spe- 
cialization in  the  Sophomore  year.  We  have  just  been 
through  the  curricula,  and  have  decided  to  continue  the  plan 
of  specializing  in  the  Sophomore  year.  I  did  not  realize  that 
I  would  find  so  many  institutions  specializing  in  the  Fresh- 
man year. 

In  the  Freshman  year,  we  have  one  course  which  I  think 
worthy  of  mention  as  it  was  put  in  with  the  idea  of  giving  the 
student  some  slight  touch  of  engineering  work.  This  is  a 
course  in  elementary  mechanics,  given  as  an  engineering  sub- 
ject and  not  as  a  course  in  physics.  We  find  that  this  is  very 
valuable  in  giving  the  student  some  understanding  of  engi- 
neering principles  and  making  him  feel  that  he  is  getting 
some  real  engineering  work. 

In  the  Sophomore  year,  we  have  found  it  very  satisfactory 
to  begin  with  one  course  in  the  student's  major  department, 
all  the  other  work  being  essentially  the  same  for  all  engineer- 
ing students.  This  is  followed  by  more  specialization  in  the 
Junior  year.  By  beginning  to  specialize  in  the  Sophomore 
year,  we  can  keep  the  student's  interest,  and  we  are  also  en- 
abled to  arrange  our  technical  work  to  better  advantage  in- 
stead of  crowding  too  much  of  it  in  the  last  two  years. 

One  of  the  things  which  we  got  from  the  war  experience  has 
resulted  directly  from  War  Aims  Courses.  We  were  par- 
ticularly fortunate  in  the  men  who  had  charge  of  those  courses 
at  our  institution,  and  as  a  result  we  have  put  in  a  course  in 

307 


308  A.  AND  M.  COLLEGE  OF  TEXAS. 

what  we  call  citizenship.  It  has  for  its  object  the  training  of 
the  man  to  be  a  better  citizen.  There  are  a  number  of  details 
of  the  course  which  have  not  been  worked  out  yet,  but  we  hope 
to  give  the  man  a  better  understanding  of  his  relations  to  his 
community,  to  the  state  and  to  the  nation  than  our  graduates 
have  had  heretofore. 

Discussion, 

J.  C.  J.  Williams:  That  comes  in  the  Freshman  year? 

Professor  Bolton:  Xo.  that  is  given  in  the  Junior  year. 

In  order  to  do  that,  we  have  had  to  reduce  the  amount  of 
time  required  for  economics.  "We  require  the  fundamentals 
of  economics  and  make  it  possible  for  the  student  to  elect 
further  work  in  economics.  "We  do  require,  however,  some 
business  law,  and  this  has  made  it  possible  for  us  to  reduce  the 
amount  of  time  required  for  more  advanced  economics. 

Another  innovation  for  us  has  been  the  introduction  of 
some  required  physical  training.  Before  the  R.  0.  T.  C.  re- 
quirements became  known,  we  have  decided  the  Freshman 
should  have  at  least  three  hours  of  physical  training. 

In  connection  with  the  R.  0.  T.  C.  and  with  a  view  to  find- 
ing the  time,  we  have  made  the  military'  work  optional  or 
•elective  with  modern  languages  or  with  some  cultural  subjects, 
one  of  which  is  English.  "We  have  not  done  this  by  reducing 
the  English  to  a  minimum,  but  we  require  three  hours  of  Eng- 
lish in  the  Freshman  year,  three  in  the  Sophomore  and  one 
in  each  of  the  other  two  years,  and  in  additions  to  this  the 
student  may  elect  more  English  if  he  does  not  elect  R.  0.  T.  C. 

These  are,  I  believe,  the  essential  changes  which  we  have 
made  in  the  A.  and  M.  College  of  Texas. 


CHANGES  IN  COURSES  AT  YALE  UNIVERSITY. 

BY  J.  C.  TEACY. 

Reorganization  of  the  University. 

1.  Four-year  course  in  Slieff. 

2.  Organization    of    Division    of    Engineering    in    Graduate 

School. 

3.  Appointment  of  Provost — undivided  attention  to  educa- 

tional work  of  the  University — chairman  of  University 
Council. 

4.  Common   entrance   requirements — dropping   of  Latin   re- 

quirement. 

5.  Common  Freshman  year — with  separate  faculty  and  dean 

faculty  selected  for  teaching  ability. 

6.  Dean  of  students  with  assistants  to  promote  morale  and 

cooperate  with  student  council — sole  duty. 

7.  Group  system  of  courses  in  academic  department  leading 

to  various  kinds  of  life  work  just  as  in  Sheff. 

Engineering  Courses. 

1.  Readjustment  of  fundamental  courses  (mathematics,  sci- 

ences and  English)  in  scope  and  content— coordination. 

2.  Elimination  of  foreign  language  as  a  required  study,  but 

two  years  in  each  of  two  such  languages  still  required 
at  entrance. 

3.  Addition  of  courses  in  economics,  accounting  and  business 

finance  for  all  engineers. 

4.  Required  course  in  U.  S.  history  and  government  for  all 

students. 

5.  Every  engineering  student  required  to  take  summer  course 

in  engineering  of  at  least  four  weeks  during  each  sum- 
mer vacation. 
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6.  Elimination  of  two  highly  specialized  engineering  courses 

from   undergraduate   curriculum   and   elimination   of 
non-essentials  in  all  engineering  courses. 

7.  Broadening  of  aim  in  engineering  courses  with  special 

reference  to  problem  of  construction  and  operation  as 
well  as  design. 

8.  Introduction  of  brief  courses  in  Freshman  and  Sophomore 

years  to  promote  interest  of  the  student  in  engineering, 
to  acquaint  him  with  work  of  different  branches  and  to 
show  him  how  principles  and  methods  studied  during 
first  two  years  will  be  used  afterward.  (First  two 
years  common  for  all  engineering  students — part  of 
third  also.) 
8.  Transference  of  all  courses  in  mechanics,  including  me- 
chanics of  materials,  to  a  new  department  of  engineer- 
ing mechanics  to  which  Professor  Tilden  has  been 
called  as  head  of  department. 
10.  Keduction  of  hours  of  required  work  to  a  maximum  of 
forty-five,  at  the  same  time  raising  the  standard  which 
must  be  attained  by  the  student. 

Discussion. 

A.  A.  Potter:  I  just  want  to  say  one  word  in  reference  to 
Major  More's  statement  as  to  the  meaning  of  teaching.  I  be- 
lieve he  is  wrong.  The  word  teach  means  to  draw  out.  The 
English  word  take  comes  from  that. 

G.  R.  Chatburn:  Educate  means  to  draw  out. 

G.  L.  Anthony:  ^lay  I  correct  one  misapprehension  in  the 
teaching  I  have  described  here,  and  that  is  that  the  shop  work 
has  disappeared.  By  no  means;  it  is  still  there;  it  does  not 
appear,  but  it  is  part  of  the  departmental  work.  Also  that 
although  specialization  does  appear  in  the  senior  year  there 
is  absolute  freedom  for  change. 

E.  H.  Rockwell:  ^Mr.  President,  the  time  is  altogether  too 
limited  to  go  into  any  extensive  discussion  of  this  scheme 
which  Dean  Anthony  has  so  well  explained  in  relation  to  the 
new  work  at  Tufts  College. 
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I  should  just  like  to  add  a  word  of  testimony  as  to  the  re- 
sult. Last  December  Dean  Anthony  and  myself  both  ex- 
plained what  we  had  in  mind  for  the  future.  At  that  time 
we  were  the  only  members  present  which  we  have  here  this 
morning,  and  he  detailed  some  of  the  projects. 

I  think  at  the  present  you  can  tell  a  good  thing  about  ac- 
complishments. We  actually  have  accomplished  what  we 
wished  to  do  in  a  normal  year,  because  we  have  done  this 
work  in  relation  to  the  introductory  course  in  an  intensive 
way  from  the  first  of  January  until  the  first  of  July  by  adding 
brief  periods.  The  Freshmen  have  actually  met  their  in- 
structors in  the  introductory  course  for  fifteen  hours  a  week. 

This  method  seems  to  me  very  similar  to  the  case  method 
or  the  project  method,  or  any  of  these  various  methods  which 
have  been  discussed  in  which  the  actual  problem  is  given  to 
the  student  for  study;  and  it  strikes  me  that  a  great  deal  of 
the  discussion  has  centered  around  this  change  in  our  atti- 
tude in  relation  to  the  method  of  teaching. 

Now,  I  do  not  know  that,  it  is  any  more  difficult  whether 
theory  or  practise  should  come  first.  History  seems  to  show 
that  practise  or  art  has  come  first  and  then  science  followed, 
as  has  been  stated  by  a  previous  speaker  this  morning.  Per- 
haps some  testimony  in  relation  to  the  course  can  be  given  in 
the  form  of  reaction  upon  the  students. 

Now,  as  I  have  stated,  they  have  actually  put  a  tremendous 
amount  of  time  at  their  disposal,  and  they  have  given  up  all 
their  afternoons  from  one  thirty  to  five  thirty  every. day  of 
the  week,  and  those  Freshmen  are  enthusiastic  in  support  of 
the  class,  and  the  upper  classmen  seem  very  much  peeved,  to 
use  a  slang  phrase,  not  to  be  given  an  opportunity  which  they 
think  should  be  theirs. 

Two  Freshmen  from  the  civil  engineering  department  went 
into  town  and  looked  for  a  job  that  was  advertised.  It  hap- 
pened to  be  an  engineering  job  in  connection  with  the  con- 
struction of  a  building  in  Cuba,  and  they  went  to  the  office 
and  showed  the  work  they  had  done.     They  talked  it  over, 


312  CHANGES    IN    COURSES    AT    YALE    rNIVERSITY. 

and  told  what  they  were  doing  in  previous  years,  and  were 
offered  one  hundred  and  fifty  dollars  a  month  on  the  condition 
that  they  would  stay  at  least  one  year;  and  both  Freshmen 
refused  the  job.  And  they  came  to  me  afterwards  and  told 
me  that  they  felt  that  they  could  not  afford  to  give  up  any 
course  which  gave  them  so  much  opportunity. 

This  matter  of  the  reversal  of  our  usual  practise  in  teaching 
is  not  a  matter  of  snap  judgment  at  our  institution.  There 
are  at  least  five  or  six  members  of  the  faculty  who  have  given 
a  great  deal  of  time  to  what  may  be  called  extensive  teaching 
to  men  who  are  engaged  in  engineering  practise.  These  pe- 
riods of  time  extend  from  fifteen  years  of  such  work  down  to 
a  period  of  two  years;  and  I  think  there  are  at  least  five  or 
six  members  of  the  faculty  who  have  done  that  kind  of  work. 
That  work  has  been  done  very  largely'  by  this  method.  And 
I  believe  that  the  outside  teaching  done  by  these  members  of 
the  faculty  has  been  productive  of  considerable  breadth  of 
view  on  the  part  of  the  faculty  in  relation  to  the  methods  of 
teaching, 

I  would  add  only  one  Avord  and  say  that  when  it  appears  to 
me  that  the  dean  and  the  faculty  and  the  students  are  enthu- 
siastic about  this  thing,  there  must  be  something  in  it. 

Professor  Hickerson:  I  would  like  to  ask  the  Dean  of  Tufts 
College  why  so  little  is  given  in  highway  construction?  So 
many  institutions  offer  new  courses  in  this  subject.  It  cer- 
tainly is  one  of  the  biggest  fields  in  civil  engineering  at  pres- 
ent. I  notice  you  only  give  three  hours  a  week  as  part  of  the 
course  as  railroad  and  highway  engineering.  How  much  time 
is  devoted  to  construction  ? 

Dean  Anthony:  ]\Ir.  President,  I  will  say  in  answer,  that 
there  will  be  more  opportunity  for  it  in  the  senior  year.  That 
subject  will  be  touched  upon  in  departmental  work  also.  In 
the  senior  year  work  we  propose  to  give  a  man  xevy  great 
freedom  in  anv  line  we  are  teaching  in  college. 


THE  UNCONSCIOUS  PLAGIARIST. 

BY  G.  I.  MITCHELL, 

Assistant  Professor  of  Electrical  Engineering,  University  of  Pittsburgh. 

The  honor  of  the  technical  profession  is  always  high ;  the 
technical  man  guards  his  statements  with  jealous  care  and  is 
generally  careful  to  acknowledge  the  source  of  any  idea  not 
his  own.  But  what  are  we  to  think  of  the  authors  of  technical 
books  who  permit  matter  to  appear  in  their  pages  that  has 
been  taken  from  copyright  material  already  in  existence? 

Take  the  case  of  the  college  professor  who,  let  us  say,  is  the 
head  of  the  mechanical  engineering  department  and  is  teach- 
ing machine  design.  Not  being  satisfied  with  the  machine 
design  texts  already  in  existence,  perhaps  because  the  order 
in  which  the  work  is  arranged  does  not  agree  with  his  opinions 
of  the  subject  or  because  the  various  relations  developed  do 
not  meet  with  his  approval,  he  gets  together  a  set  of  notes,  has 
them  mimeographed  and  hands  a  set  to  each  of  his  students. 

Because  these  notes  have  been  arranged  according  to  the 
professors  particular  notions  he  finds  that  they  just  suit  his 
fancy,  he  can  teach  the  subject  with  less  friction  and  with  less 
effort  on  his  part — he  does  not  have  to  correlate  his  ideas  with 
those  of  another.  He  seen  comes  to  be  a  firm  believer  in  the 
fact  that  he  has  hit  upon  an  ideal  method  of  teaching  his  sub- 
ject and  condescends  to  have  his  notes  published  as  a  text- 
book that  others  may  have  the  benefit  of  his  broad  intelligence. 

Very  good.  He  has  been  actuated  by  the  best  motives. 
But  let  us  see  how  these  wonderful  notes  have  been  collected. 
Did  he  sit  down  at  his  desk  and  evolve  them  from  his  own 
mind?  The  chances  are  very  few  that  he  did.  No,  he  con- 
sulted every  published  text  that  he  could  get  his  hands  on  and 
picked  out  the  parts  that  best  suited  his  own  ideas,  one  part 
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from  one  author  and  another  part  from  a  second  and  so  on. 
Page  after  page  of  his  notes  was  copied  verbatim  from  other 
men's  books,  the  professor  merely  running  in  a  few  words 
here  and  there  to  avoid  a  too  abrupt  change  from  one  author- 
ity to  another.  Since  he  was  simply  compiling  these  notes  for 
his  own  use  he  was  not  careful  to  give  references  to  the  men 
who  were  responsible  for  the  subject  matter. 

After  the  lapse  of  a  few  years  the  professor  has  forgotten 
just  whom  he  consulted,  has  forgotten  just  how  he  goi  these 
notes  together,  so  that  when  he  makes  up  his  mind  to  publish 
his  text  he  simply  bundles  the  pages  together  and  sends  them 
off  to  his  publisher.  ^Mlen  the  book  appears  it  is  submitted 
to  the  public  as  a  "new  and  better""  text  in  machine  design. 
It  finds  its  way  into  schools,  the  men  from  whom  the  author 
cribbed  various  parts  read  the  new  text  and  are  somewhat  sur- 
prised to  find  page  after  page  of  their  own  material.  Letters 
begin  to  pour  into  the  office  of  the  publisher,  causing  the  pub- 
lisher much  discomfort.  But  what  can  the  publisher  do?  He 
has  printed  the  text  in  good  faith,  depending  upon  the  in- 
tegrity of  the  author  to  prevent  unpleasantness  of  this  nature, 
but  the  publisher  is  more  or  less  responsible,  and  to  say  the 
least,  is  in  a  bad  position.  The  author  himself  looses  caste 
and  is  regarded  as  a  thief  by  his  brothers. 

The  remedy  is  easy  to  find.  Let  every  author  of  a  book  of 
this  kind  search  his  notes  with  care  and  wherever  questionable 
material  is  found  let  full  credit  be  given  or  let  him  give  the 
old  material  new  treatment  so  that  it  will  appear  in  his  new 
book  in  the  author's  own  words.  If  the  book  is  worth  while 
it  is  certainly  of  the  utmost  importance  that  the  writer  keep 
his  escutcheon  clean,  with  his  name  placed  high  in  brilliant 
letters  on  the  roll  of  his  profession. 


REPORT   OF  COMMITTEE   NO.   ii A— PHYSICS. 

Your  Committee  on  Physics  has  made  but  little  progress 
during  the  past  year.  Previous  annual  reports  show  that 
the  committee  has  been  attempting-  to  establish  complete  co- 
operation between  the  two  courses  in  mechanics  (one  in  gen- 
eral physics)  studied  in  the  engineering  course.  As  soon  as 
the  Committee  on  Physics  was  informed  of  the  discontin- 
uance of  the  Committee  on  Mechanics  to  whom  a  report  has 
been  submitted  and  with  whom  work  was  under  way,  com- 
munication was  at  once  established  between  the  new  Com- 
mittee on  Mechanics  and  Hydraulics  and  the  Committee  on 
Phj'sics.  A  cooperative  effort  between  these  two  committees 
is  now  in  progress  and  immediate  attention  is  being  focused 
upon  the  content  in  the  physics  course  in  mechanics. 

G.  W.  Stewart. 
Chairman. 
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Your  committee  begs  to  report  on  the  progress  of  its  studies 
regarding  courses  in  chemistry  in  engineering  schools. 

In  December  President  Nichols  of  the  American  Chemical 
Society,  at  the  suggestion  of  Mr.  Bishop,  appointed  Professor 
Talbot,  of  the  Massachusetts  Institute  of  Technology.  Profes- 
sor Parr,  of  the  University  of  Illinois,  and  Professor  McKee. 
of  Columbia  University,  a  committee  to  cooperate  with  your 
committee  in  the  study  of  chemical  education.  Later  Pro- 
fessor Talbot  was  forced  to  resign  on  account  of  ill  health  and 
Professor  Bird,  of  the  University  of  Virginia,  was  appointed 
in  his  place. 

Up  to  January  first  most  of  the  members  of  the  committee 
were  engaged  in  war  work  for  the  government,  and  for  some 
time  thereafter  they  were  occupied  in  straightening  out  their 
affairs  and  reestablishing  their  courses  following  the  renewal 
of  university  work  on  a  peace  basis.  Nevertheless,  corre- 
spondence was  had  on  the  subject  of  the  work  of  the  com- 
mittee. In  April  Messrs.  "SS'ithrow.  Parr.  McKee  and  Bird 
met  in  Buffalo  and  discussed  the  work  of  the  committee  at 
considerable  length.  It  was  agreed  that  each  of  us  would  give 
thought  and  study  to  three  phases  of  chemical  and  engineer- 
ing education,  communicate  the  results  of  such  individual 
study  to  the  other  members,  and  later  meet  to  collaborate 
these  .studies  and  prepare  a  report  for  your  consideration. 

The  three  phases  mapped  out  are : 

"The  limitations  and  content  of  first-year  courses  in  gen- 
eral chemistry/'  with  a  view  to  laying  the  most  thorough 
foundation  possible  for  the  further  study  of  the  science  by 
those  who  plan  to  become  chemical  engineers.  It  was  thought 
that  if  the  content  of  the  first-year  course  is  carefully  limited 
to  so  much  as  may  be  learned  with  great  thoroughness,  the 
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results  will  be  better  than  at  present,  when  much  has  grad- 
ually been  added  until  the  beginner  finds  himself  consuming 
more  than  he  can  digest. 

Second,  "A  consideration  of  what  further  study  of  chem- 
istry, if  any,  is  desirable  for  those  pursuing  other  lines  of 
engineering. ' ' 

Third.  "Graduate  courses  in  Chemistry."  Professor  Mc- 
Kee  submitted  plans  for  a  differentiation  of  the  work  of  dif- 
ferent universities  in  the  advanced  study  of  the  several  lines 
of  applied  chemistry.  The  idea  is  that  one  or  more  universi- 
ties shall  develop  to  the  highest  possible  degree  research  work 
and  its  application  along  such  line  as  is  of  most  important  in 
its  state,  rather  than  to  attempt  to  cover  too  many  fields. 
This  plan  looks  to  great  schools  in  each  of  the  several  divisions 
of  the  field,  where  a  student  may  learn  the  last  word  under 
the  best  masters. 

The  individual  studies  are  now  being  made,  but  sufficient 
time  has  not  elapsed  for  their  restudy  by  other  members  of 
the  committee  and  their  collaboration.  We  therefore  respect- 
fully suggest  that  the  committee  be  continued  for  another 
year.  We  hope  that  more  normal  times  will  permit  a  more 
careful  consideration  of  the  subject  than  has  been  possible 
during  the  troubled  months  of  the  war  and  the  beginnings  of 
reconstruction. 

R.  M.  Bird, 

J.    R.    WlTHRO"W, 

J.  H.  James. 


REPORT  OF  COMMITTEE  NO.   12,  ENGLISH. 

C.  W.  Park,  Chairman,  University  of  Cincinnati;  Frank 
Aydelotte,  Massachusetts  Institute  of  Technology;  J.  K.  Nel- 
son, University  of  Michigan  ;  S.  A,  Harbarger,  New  York  City. 

The  gradual  return  of  normal  academic  conditions,  follow- 
ing the  S.  A.  T.  C.  period,  is  encouraging  to  the  committee, 
since  much  work  can  now  be  resumed  which  had  to  be  set 
aside  last  year.  From  communications  that  have  been  re- 
ceived since  the  re-opening  of  the  colleges,  it  is  evident  that 
the  temporary  suspension  of  the  usual  courses  has  been  in 
some  respects  beneficial.  Instructors  show  a  disposition  to 
revise  their  subject  matter  and  methods,  and  they  bring  to 
the  revision  a  variety  of  experience  and  a  fresh  point  of  view, 
gained  in  some  form  of  war  service.  The  new  start  in  all  lines 
of  instruction  makes  the  time  a  propitious  one  for  a  re-exami- 
uation  and,  where  desirable,  a  reconstruction  of  the  curriculum. 

Fortunately,  just  when  conditions  are  most  favorable  for 
the  introduction  of  changes  in  materials  and  methods,  the 
report  of  Dr.  C.  R.  Mann  on  ''Engineering  Education"  is 
available  as  a  guide  in  reconstruction.  The  publication  of 
this  work  at  any  time  would  challenge  a  testing  of  every  in- 
structor's work  by  the  standards  of  engineering  training 
which  it  sets  forth.  Its  appearance  at  this  time  is  highly 
significant. 

Among  the  passages  in  Dr.  Mann's  report  which  bear  upon 
the  question  of  English  instruction,  the  following  are  re- 
garded by  the  Committee  as  being  especially  suggestive. 

''"With  regard  to  instruction  in  English,  the  engineering 
schools  may  be  divided  into  two  approximately  equal  groups, 
the  one  composed  of  those  schools  that  maintain  the  current 
standard  college  course ;  and  the  other  composed  of  those  that 
are  trying  to  discover  a  type  of  work  better  suited  to  engi- 
neers.   In  the  standard  type  of  course,  the  student  studies  a 
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text-book  of  composition  and  rhetoric,  learns  the  rules  of  cor- 
rect punctuation  and.  paragraphing,  together  with  the  four 
forms  of  discourse,  and  then  writes  themes  on  assigned  sub- 
jects selected  by  the  instructor  to  give  practice  in  either  de- 
scription, narration,  exposition,  or  argumentation.  In  some 
schools  the  strict  adherence  to  this  plan  is  mitigated  by  allow- 
ing a  choice  from  among  several  assigned  subjects.  The 
accompanying  study  of  literature  consists  of  a  brief  survey 
of  the  lives  of  the  great  writers  and  the  analysis  of  selected 
passages  from  their  writings.  This  well-known  type  of  course 
was  developed  during  the  latter  half  of  the  past  century  for 
the  purpose  of  making  English  an  acceptable  substitute  for 
the  classics  in  high  schools  and  colleges. 

"Doubtless  because  the  professional  engineers  have  been  so 
frank  in  their  demand  for  better  training  in  English,  about 
half  of  the  engineering  schools  are  experimenting  with  tlieir 
methods  of  teaching  this  subject.  These  experiments  are  so 
varied  in  plan  and  execution  that  it  is  not  possible  to  classify 
them."     (Chapter  VII,  page  42.) 

"Therefore  congestion  of  the  curriculum  is  inevitable  so 
long  as  each  department  remains  sole  arbiter  of  the  content  of 
its  courses,  and  there  is  no  coordination  among  departments 
with  respect  to  the  amount  and  the  nature  of  the  subject- 
matter  in  courses,  and  no  scrutiny  of  the  results  of  each  de- 
partment's work  by  some  agency  outside  the  department." 
(Chapter  IX,  page  56.) 

"At  this  school  (Massachusetts  Institute  of  Technology) 
English  is  a  required  subject  for  all  students  throughout  the 
first  two  years.  The  first  half  of  the  freshman  year  is  devoted 
to  general  composition,  with  the  object  of  eliminating  the 
more  common  errors  of  construction  and  of  leading  the  stu- 
dent to  see  that  excellence  in  writing  comes  not  so  much  from 
the  negative  virtue  of  avoiding  errors  as  from  the  positive 
virtue  of  having  something  to  say. 

"The  work  of  the  second  term  of  the  freshman  year  begins 
with  a  class  discussion  of  such  questions  as :  "What  is  the  dif- 
ference between  a  trade  and  a  profession  ?    What  is  the  mean- 
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ing  of  the  professional  spirit?  What  should  be  the  position 
of  the  engineer  in  society  in  this  new  era  of  the  manufacture 
of  power — that  of  hired  expert  or  that  of  leader  and  adviser  ? 
Is  the  function  of  the  engineer  to  direct  only  the  material 
forces  of  nature,  or  also  human  forces? 

' '  Having  discussed  the  question :  What  is  engineering  ?  the 
class  proceeds  in  the  same  manner  to  wrestle  with  such  prob- 
lems as :  What  is  the  aim  of  engineering  education  ?  What  is 
the  relation  between  power  of  memory  and  power  of  thought  ? 
Is  there  any  connection  between  a  liberal  point  of  view  and 
capacity  for  leadership?  What  qualities  do  practical  engi- 
neers value  most  highly  in  technical  graduates?  What  is  the 
relation  between  pure  science  and  applied  ?  What  is  the  rela- 
tion of  science  to  literature?  The  authors  read  in  connection 
with  the  discussion  gradually  change  from  engineers  to  scien- 
tists like  Huxley  and  Tyndall,  and  then  to  literary  men  like 
Arnold,  Newman,  Carlyle,  and  Ruskin.  The  student  seems  to 
read  this  material  with  no  less  keen  interest  than  was  shown 
for  the  writings  of  engineers ;  so  that  through  his  own  written 
and  oral  discussion  of  masterly  essays  each  comes  to  work  out 
for  himself  some  rational  connection  between  engineering,  wnth 
which  he  began,  and  literature,  with  which  he  ends.  No  ortho- 
dox point  of  view  is  prescribed ;  his  own  reason  is  the  final 
authority.  The  aim  is  to  raise  questions  which  it  may  take 
half  a  lifetime  to  answer,  but  the  thoughtful  consideration  of 
which  "will  give  a  saner  outlook  on  life  and  on  his  profession." 
(Chapter  X,  pages  63-64.) 

' '  Thus  there  is  a  widespread  agreement  among  professional 
engineers  that  the  college  curriculum  should  aim  to  give  a 
broad  and  sound  training  in  engineering  science,  rather  than 
a  highly  specialized  training  in  some  one  narrow  line;  that 
considerable  attention  should  be  paid  to  humanistic  studies 
like  English,  economics,  sociology,  and  history,  not  merely 
because  of  their  practical  value  to  the  engineer,  but  also  be- 
cause of  their  broad  human  values ;  and  that  the  young  grad- 
uate should  have  some  conception  of  business  management  and 
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of  the  most  intelligent  methods  of  organizing  and  controlling 
men. ' '     ( Chapter  XIII,  page  88. ) 

"The  humanistic  studies  make  up  the  fourth  type  of  work 
essential  to  the  training  of  every  engineer.  The  professional 
criticisms  of  the  schools  indicate  that  this  field  offers  the  great- 
est opportunity  for  effective  changes  in  current  practice,  be- 
cause lack  of  good  English,  of  business  sense,  and  of  under- 
standing of  men  are  most  frequently  mentioned  by  prac- 
tising engineers  as  points  of  weakness  in  the  graduates  of  the 
schools.  The  criticisms  point  out  two  types  of  weakness, 
namely,  lack  of  technical  facility  in  expression,  in  business, 
and  in  handling  men ;  and  lack  of  appreciation  of  and  interest 
in  literature,  economics,  and  social  philosophy.  Clearly  the 
humanistic  departments  are  not  alone  responsible  for  these 
weaknesses,  for  no  amount  of  drill  in  the  technique  of  lan- 
guage will  make  a  student  write  and  speak  clearly  if  he  does 
not  think  clearly;  and  training  in  clear  thinking  is  as  much 
the  function  of  the  teachers  of  science,  mathematics,  and  en- 
gineering as  it  is  the  function  of  the  teachers  of  English. 
And  if  the  professors  in  the  technical  subjects  rigidly  exclude 
from  their  instruction  all  discussion  of  human  values  and 
costs,  is  it  reasonable  to  expect  the  students  to  appreciate  eco- 
nomics and  social  science  ?  As  every  one  is  aware,  languages, 
economics,  and  social  sciences  are  generally  treated  as  'extras' 
in  curricula,  and  are  as  generally  regarded  as  superfluous 
'chores'  by  the  students. 

"The  difficulty  in  present  school  practice  evidently  lies  in 
the  exclusion  from  the  technical  work  of  all  consideration  of 
the  questions  of  human  values  and  costs ;  and,  conversely,  the 
isolation  of  the  humanistic  studies  from  all  technical  interest. 
The  theory  has  been  that  engineering  at  best  is  tied  to  ma- 
terials ;  but  that  it  can  be  made  less  materialistic  by  ignoring 
the  question  of  dollars  and  cents  in  the  technical  work,  and  by 
teaching  science,  mathematics,  economics,  and  literature  for 
their  own  sakes  entirely  isolated  from  inherent  technical  rela- 
tionships. This  conception,  however,  is  gradually  giving  way, 
for  the  experiments  described  in  the  last  four  chapters  indi- 
22 
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eate  that  technical  work  is  more  impelling,  and  is,  therefore, 
more  fully  mastered,  when  it  includes  the  consideration  of 
values  and  costs ;  while  humanistic  work  becomes  significant, 
and  therefore  educative,  when  it  starts  from  and  builds  upon 
the  professional  interest.  And  after  all.  the  ultimate  control 
of  all  engineering  projects,  as  of  all  activities,  is  vested  in 
some  man's  decision  that  the  game  is  really  worth  while;  and 
this  control  is  likely  to  be  more  salutary,  the  more  completely 
the  man  who  decides  comprehends  the  full  import  of  the  values 
and  costs  involved."     (Chapter  XIII.  pages  92-93.) 

"Because  the  appraisement  of  values  and  costs  is  the  con- 
trolling factor  in  engineering,  the  final  important  change  from 
current  school  practice  that  is  suggested  deals  with  the  human- 
istic studies.  The  usual  method  of  treating  these  subjects 
in  short  independent  courses  in  the  technique  of  composi- 
tion, literature,  history,  economics,  and  so  on.  seems  less  likely 
than  the  method  proposed  (page  92)  to  develop  the  desired 
insight  into  these  profound  problems  of  value  and  cost.  The 
experiments  at  Wisconsin  and  the  Massachusetts  Institute 
have  progressed  far  enough  to  show  how  successful  this  type 
of  work  is  with  freshmen  in  developing  powers  of  both  force- 
ful expression  and  appreciation  of  good  literature.  Therefore 
it  seems  reasonable  to  expect  that  the  extension  of  this  work 
into  a  consecutive  course  extending  through  the  entire  cur- 
riculum and  consisting  of  live  discussions  and  extensive  study 
of  the  best  that  has  been  thought  and  said  concerning  the  im- 
mediate and  the  ultimate  values  in  life,  offers  the  most  prom- 
ising solution  of  the  problem  of  culture  for  engineers." 
(Chapter  XIII,  page  99.) 

"The  statement  that  individuality  counts  for  as  much  as 
learning  for  the  engineer,  just  as  it  does  for  the  lawyer  or  the 
physician,  seems  like  a  veritable  platitude.  Yet  because  the 
engineering  schools  have  always  made  it  their  chief  aim  to  im- 
part the  technical  information  needed  in  industrial  produc- 
tion, and  because  both  scientific  knowledge  and  industrial 
practice  have  grown  so  rapidly,  the  attention  of  technical 
schools  has  been  focused  chiefly  on  keeping  up  to  date  in 
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science  and  practice.  The  university  emphasis  on  research  in 
natural  science  has  also  tended  to  magnify  the  importance  of 
technique  and  to  minimize  the  importance  of  personality, 
until  curricula  have  become  so  congested  with  specialized 
courses  that  students  generally  regard  literature  and  sociology 
as  unnecessary  chores,  to  be  endured  rather  than  enjoyed. 
Therefore  it  seemed  necessary  to  consider  the  question  whether 
this  emphasis  on  technique  is  producing  a  new  and  higher 
type  of  engineer,  or  whether  the  engineering  profession  still 
stakes  its  faith  on  the  fundamental  thesis  that  personal  char- 
acter is,  after  all,  the  real  foundation  for  achievement." 
(Chapter  X^T:,  page  106.) 

"The  organization  of  curricula  proposed  in  Chapters  XIII 
and  XIV  is  suggested  as  one  practical  method  of  harmonizing 
the  conflicting  demands  of  technical  skill  and  liberal  educa- 
tion. It  coordinates  the  results  of  numerous  individual  ex- 
periments in  a  consistent  program.  It  recognizes  all  the  essen- 
tial elements  and  factors  of  engineering  as  well  as  the  educa- 
tional requirements  of  motivation  and  iuterrelation.  It  is  not 
a  Utopian  dream,  but  a  summation  of  the  best  that  has  been 
thought,  said,  and  done  in  education  during  the  past  two 
centuries.  Finally,  it  embodies  the  modern  conception  of  the 
professional  engineer,  not  as  a  conglomerate  of  classical  schol- 
arship and  mechanical  skill,  but  as  the  creator  of  machines  and 
the  interpreter  of  their  human  significance,  qualified  to  in- 
crease the  material  rewards  of  human  labor  and  to  organize 
industry  for  the  more  intelligent  development  of  men."' 
(Chapter  XVI,  page  113.) 

In  the  brief  synopsis  which  follows,  the  present  scope  of 
the  committee's  activity  is  indicated.  Broadly,  its  aims  are 
twofold:  first,  to  stimulate  discussion  of  current  problems  in 
English  instruction  for  engineering  students :  and  second,  to 
act  as  a  clearing-house  for  practical  suggestions  which  may 
be  useful  to  teachers  of  English  in  engineering  colleges.  The 
first  of  these  objects  contemplates  a  discussion  which  would 
interest  not  only  teachers  of  English  but  also  instructors,  ad- 
ministrators, and  others  who  deal  with  English  chiefly  as  a 
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part  of  the  general  scheme  of  engineering  education.  The 
second  object  has  to  do  with  discussions  of  immediate  prac- 
tical or  elassToom  value,  including  such  exercises,  outlines, 
and  other  "tricks  of  the  trade"'  as  may  be  used  by  instructors 
and  students.  Instead  of  requesting  answers  to  a  question- 
naire, the  committee  invites  instructors  and  others  interested 
to  send  contributions  of  both  kinds  to  the  chairman.  The  gen- 
eral discussions  may  be  based  on  the  quotations  from  Dr. 
Mann's  report.  tHe  topics  suggest^  in  the  committee's  1918 
and  1919  reports,  or  on  any  other  subject  of  interest.  The 
more  brief  and  concrete  the  contributions,  the  more  useful 
they  wiU  be.  Sections  of  this  year's  report  will  deal  with 
such  subjects  as  "The  Humanities  in  the  Engineering  Cur- 
riculum," "The  Development  and  Expression  of  Individual- 
ity," "The  Growing  Emphasis  on  Oral  English"'  and  "Spe- 
cialized Training  in  English  for  Engineers." 

As  an  example  of  the  kind  of  material  which  may  be  in- 
cluded under  "practical  suggestions."'  the  following  typical 
outline  for  a  laboratory  report  is  offered.  This  outline,  it 
may  be  noted,  was  worked  out  by  laboratory  instructors  in 
physics,  electrical  engineering  and  mechanical  engineering 
on  the  one  hand,  and  by  a  department  of  English  on  the  other. 
The  committee  feels  that  on  the  more  formal  side  of  technical 
writing  many  such  plans  exist,  which  even  if  not  adopted 
entire,  would  at  least  be  interesting  for  comparison.  In  those 
even  more  important  phases  of  instruction  which  cannot  be 
classified,  a  concrete  description  of  an  instructor's  method  of 
approach  may  be  widely  useful  if  shared  with  his  fellow  in- 
structors. 

Typical,  Outlixe  for  a  L.\bobatort  Report. 

Although  laboratory  reports  differ  widely  in  subject  matter, 
the  problem  of  organization  is  very  similar  in  all  of  them.  The 
outline  given  below  represents  a  logical  development  of  the 
subject  as  well  as  a  convenient  distribution  of  the  material  in 
the  report  of  a  test.    With  a  few  changes  here  and  there  to  fit 
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special  conditions,  this  form  will  be  found  serviceable  in  the 
writing  of  nearly  every  kind  of  laboratory  report. 

1.  Object. — This  division  should  consist  of  a  clear,  full,  and 
concise  statement  of  the  object,  preferably  in  the  form  of  a 
simple  declarative  sentence.  Since  the  report  is  not  written 
until  after  the  test  has  been  performed,  the  statement  should 
be  put  in  the  past  tense ;  e.  g., 

"The  object  of  this  test  was  to  determine  the  steam  con- 
sumption of  a  Brownell  10  X  12  engine. ' ' 

2.  Theory. — This  division  should  contain  a  general  state- 
ment of  the  data  to  be  obtained  in  such  a  test,  together  with 
the  fundamental  principles  on  which  the  test  depends.  For 
example,  the  second  paragraph  of  the  report  indicated  above 
might  begin  as  follows : 

''In  testing  for  steam  consumption,  the  chief  data  to  be  ob- 
tained are  (a)  the  horsepower  of  the  engine,  and  (&)  the 
weight  of  the  steam  passing  through  the  cylinder  in  a  given 
time." 

Where  formulas  are  to  be  applied  in  the  test,  they  should  be; 
given  in  this  part  of  the  report. 

Since  the  discussion  deals  with  general  theory,  this  section 
of  the  report  should  be  expressed  in  the  present  tense. 

3.  Apparatus. — The  apparatus  used  should  be  described, 
with  emphasis  on  new  apparatus  and  on  special  devices  used 
in  the  particular  test  in  question.  At  the  beginning  of  the 
section,  the  various  pieces  of  apparatus  should  be  enumerated. 
New  and  special  pieces  may  then  be  described  in  detail. 

In  so  far  as  this  part  of  the  report  deals  with  particular  ap- 
paratus, it  should  be  put  in  the  past  tense ;  e.  g., 

''The  apparatus  used  in  this  test  consisted  of  the  follow- 
ing," etc. 

4.  Procedure. — This  section  contains  an  account  of  what 
was  done  in  carrying  out  the  successive  parts  of  the  test.  Care 
should  be  taken  to  omit  preliminary  and  non-essential  opera- 
tions, and  to  follow  the  actual  order  in  which  the  work  was 
done. 
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The  narrative  should  be  impersonal,  and  should  be  given  in 
the  past  tense  and  the  passive  voice ;  e.  g., 

' '  Readings  were  taken  at  intervals  of  five  minutes, ' '  etc. 

5.  Results. —  (a)  Summary  of  results:  Conclusions  drawn 
from  the  data  should  be  stated  briefly  and  clearly.  In  some 
cases  it  may  be  desirable  to  compare  them  with  results  ob- 
tained in  other  tests.  (&)  Curves,  (c)  Sample  calculations: 
These  may  be  brief,  but  they  should  be  typical  of  the  mathe- 
matical processes  involved,  (d)  Data:  The  data  should  be 
presented  on  special  paper  designed  for  the  purpose,  and 
should  be  arranged  in  tabular  form  and  in  parallel  columns. 

6.  Sketches. 

7.  Original  Data. — Rough  notes  taken  during  the  test  should 
be  submitted  from  time  to  time  as  evidence  of  the  accuracy 
with  which  observations  were  made.  If  a  log  book  is  kept,  it 
will  answer  the  purpose. 

Respectfully  submitted, 

C.  W.  Park,  Chairman. 


REPORT  OF  COMMITTEE  NO.  13,  MECHANICS 
AND  HYDRAULICS. 

Topic:  Main  Objectives  in  Teaching  These  Subjects. 

0.  H.  Basquin,  Chairman,  Northwestern  University;  J.  E. 
Boyd,  The  Ohio  State  University;  C.  H.  Burnside,  Columbia 
University;  H.  F.  Moore,  University  of  Illinois;  C.  I.  Corp, 
University  of  Wisconsin. 

1.  The  courses  to  which  this  report  particularly  relates  are 
those  of  mechanics,  strength  of  materials,  and  hydraulics; 
portions  of  the  report  may  be  considered  to  be  of  more  gen- 
eral application.  Preceding  mechanics,  the  student  has  had 
an  introduction  to  this  subject  as  a  part  of  general  physics ;  he 
has  had  a  course  in  calculus,  or  takes  that  study  along  with 
mechanics. 

2.  In  each  of  the  three  courses  considered,  one  of  the  main 
objectives  is  to  give  the  student  a  working  knowledge  of  fun- 
damental facts  and  principles.  An  engineer  needs  a  working 
knowledge  of  essentials  rather  than  a  superficial  knowledge  of 
a  wide  range  of  information.  One  who  is  not  confident  of  the 
essential  accuracy  of  his  knowledge  does  not  readily  gain  the 
confidence  of  others,  and  rarely  maintains  his  own  self-respect. 

3.  The  course  in  mechanics  makes  extended  use  of  facts  and 
principles  which  the  student  should  have  acquired  in  physics, 
calculus,  geometry,  algebra,  and  arithmetic.  A  first  duty  of 
the  instructor  in  mechanics  is  to  put  the  essential  parts  of 
these  prerequisite  subjects  into  working  order;  and  this  in- 
structor should  not  look  upon  his  task  as  that  of  doing  another 
man's  work.  One  can  rarely  secure  thorough  knowledge  of 
any  fact  on  first  meeting  it ;  the  early  courses  cannot  give  the 
wealth  of  illustration  and  the  new  points  of  view  that  are 
available  in  later  courses ;  and  repetition  at  intervals  is  a  par- 
ticularly efficient  method  of  learning. 

4.  Similar  suggestions  might  be  made  with  respect  to 
strength  of  materials  and  to  hydraulics ;  in  fact,  with  respect 
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to  almost  any  course  of  an  engineering  program.  The  ob- 
jective is  to  put  the  essential  facts  and  principles  into  such 
form  that  they  can  be  used  by  the  student  with  readiness,  ac- 
curacy, and  certainty. 

5.  The  student  must  become  proficient  in  the  solution  of 
problems.  Under  proper  circumstances,  it  is  believed  that 
some  of  this  problem  work  should  be  done  under  supervision, 
for  the  purpose  of  giving  the  student  a  start  in  logical  think- 
ing and  in  orderly,  accurate,  and  economical  methods.  This 
suggestion  is  based  upon  the  principle  that  it  is  easier  to  start 
a  right  habit  at  the  beginning  than  to  correct  a  wrong  one. 
The  chief  danger  in  adopting  this  suggestion  is  that  the  in- 
structor may  not  give  the  proper  kind  of  supervision :  he  must 
not  be  dictatorial  but  must  develop  initiative ;  his  work  is  to 
make  the  student  do  his  own  thinking  in  a  proper  manner — 
not  to  think  for  the  student ;  when  the  student  has  acquired 
this  ability  he  needs  no  further  supervision. 

6.  Mechanics  is  an  experimental  science;  experimental 
work  should  accompany  each  course  under  consideration.  A 
blind  person  cannot  understand  the  theory  of  painting  be- 
cause he  cannot  experience  the  sensations  of  color.  In  a  sim- 
ilar way,  a  student  cannot  comprehend  mechanics  unless  he 
can  experiment,  because  it  is  only  through  experiment  that  he 
obtains  the  fundamental  concepts  upon  which  the  subject  is 
based.  The  student  needs  experiments  to  illustrate  in  a  con- 
crete way  some  of  the  important  derived  facts  that  are  de- 
veloped in  theory,  to  show  their  degree  of  accuracy,  and  to 
point  out  their  limitations.  In  this  connection  it  is  to  be  noted 
that  such  experiments,  to  be  most  useful,  should  be  so  corre- 
lated with  the  class  instruction  that  these  concepts  and  illus- 
trations will  be  given  to  the  student  by  the  laboratory  work 
at  appropriate  stages  in  the  development  of  theory  in  the 
class  room. 

7.  The  successful  engineer  is  an  accurate  observer  and  he 
draws  conclusions  from  data  directly  obtained  from  observed 
facts.  Laboratory  work  is  particularly  useful  in  developing 
habits  of  observation  on  the  part  of  the  student.    A  text-book 
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problem  gives  a  more  or  less  definite  key  to  its  solution  through 
its  selection  of  data :  this  is  not  the  case  with  problems  that 
arise  in  the  laboratory;  here  the  student  has  a  chance  to  ap- 
ply his  knowledge  to  facts  that  he  obtains  through  his  own 
selection  and  observation.  The  instructor  who  deprives  the 
student  of  this  experience  by  giving  too  minute  instructions, 
denies  him  an  excellent  opportunity  to  develop  that  resource- 
fulness and  straight-forward  thinking,  which  an  engineer 
must  have  when  facing  practical  problems. 

8.  Since  an  act  of  observation  is  not  complete  until  the  stu- 
dent has  recorded  and  explained  what  he  has  observed,  the 
report  is  an  essential  part  of  laboratory  work.  It  serves  to  fix 
the  observed  facts  in  the  student 's  mind  in  an  orderly  sequence 
and  in  an  emphatic  manner,  while  it  enforces  thought  upon 
unselected  data.  While  the  report  should  be  in  good  form, 
the  student  should  be  encouraged  to  limit  its  contents  to  es- 
sential matter. 

9.  Many  of  the  principles  of  engineering  are  based  upon 
assumptions,  while  approximations  are  often  made  in  anal- 
yses. Since  the  student  should  be  taught  to  think  logically, 
it  is  of  prime  importance  that  the  instructor  make  a  sharp  dis- 
tinction between  fact  and  assumption,  between  strict  analysis 
and  approximation.  In  reaching  conclusions,  analyses  should 
be  used  whose  refinement  is  appropriate  to  the  data  obtain- 
able, and  the  limitations  of  the  conclusions  should  be  recog- 
nized. These  suggestions  relate  to  the  development  of  intel- 
lectual integrity;  it  is  not  suggested  that  these  matters  be 
given  such  undue  prominence  as  to  confuse  the  student,  but 
it  is  highly  important  that  the  instructor  appreciate  them  and 
make  them  clear  to  the  student  on  appropriate  occasions. 

10.  The  engineer  needs  a  fluent  command  of  good  and  force- 
ful English.  This  is  largely  a  matter  of  habit,  and  its  devel- 
opment can  be  brought  about  most  effectively  by  the  coopera- 
tion of  all  instructors  to  this  end.  Every  student  should  ac- 
quire habits  of  punctuality  in  the  prompt  completion  of  every 
duty,  of  numerical  accuracy  of  acceptable  grade,  of  the  presen- 
tation of  work  in  good  form,  and  of  economical  methods  of 
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study.  Such  habits  improve  the  efficiency  of  instruction  and 
form  the  beginning  of  character  development.  All  instructors 
should  cooperate  in  their  formation. 

11.  Every  instructor  should  regard  it  as  his  duty  to  make 
his  course  interesting — not  easy  or  amusing.  A  course  is  in- 
teresting to  a  student  if  he  feels  that  the  value  that  he  is  able 
to  get  from  it  is  large  in  comparison  with  the  effort  that  it 
costs.  Interest  makes  the  student  put  forth  his  best  efforts 
with  pleasure,  it  makes  him  obsers'ant  of  cases  that  arise  in  his 
daily  life  where  his  knowledge  gives  new  insight,  and  it 
tends  to  make  him  continue  to  be  a  student  of  the  subject 
after  he  has  left  the  instructor's  guidance.  With  this  in  view, 
the  instructor  should  specialize  in  making  explanations  in 
simple  language,  using  concrete  illustrations  that  will  be  ap- 
preciated by  every  student.  Interest  may  be  stimulated  by 
letting  the  student  know  in  advance  how  he  will  use  a  prin- 
ciple about  to  be  studied,  by  allowing  the  student  to  do  a  part 
of  the  thinking  in  the  development  of  a  principle,  and  by  so 
arranging  the  assignments  that  the  student  will  feel  that  he 
has  made  some  definite  worth-while  acquisition  from  each 
assignment. 

12,  The  instructor  should  seek  to  develop  in  the  student 
such  mental  attitudes  as  will  assist  instruction  and  be  of 
permanent  value  to  the  student.  The  spirit  of  cooperation 
should  characterize  intercourse  between  instructor  and  stu- 
dent. The  group  system  in  laboratory  work  and  in  field 
work  may  be  used  to  develop  both  cooperation  and  leader- 
ship. Uniformly  thorough  work  coupled  with  encouragement 
of  the  student's  initiative  will  give  him  confidence  in  his 
knowledge  and  in  his  ability  to  apply  it.  Insistence  upon  the 
full  performance  of  every  assignment,  accompanied  with 
extreme  care  on  the  part  of  the  instructor  to  make  appropriate 
assignments,  will  tend  to  develop  in  the  student  the  feeling 
that  he  can  and  must  accomplish  every  duty  set  before  him. 
The  instructor  should  understand  the  relations  which  an  engi- 
neer should  sustain  to  the  community,  to  the  state,  and  to 
civilization,  and,  when  the  occasion  warrants,  he  should  make 
his  students  feel  the  necessity  of  assuming  these  obligations. 
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13.  It  is  believed  that  much  good  may  result  if  the  in- 
structor gives  due  consideration  to  the  following  quotation 
from  Thorndike's  "Principles  of  Teaching":  "The  efficiency 
of  any  profession  depends  in  large  measure  upon  the  degree 
to  which  it  becomes  scientific.  The  profession  of  teaching 
will  improve  (1)  in  proportion  as  its  members  direct  their 
daily  work  by  the  scientific  spirit  and  methods,  that  is  by 
honest,  open-minded  consideration  of  facts,  by  freedom  from 
superstitions,  fancies  or  unverified  guesses,  and  (2)  in  propor- 
tion as  the  leaders  in  education  direct  their  choices  of  meth- 
ods by  the  results  of  scientific  investigations  rather  than  by 
general  opinion." 

Summary. 

I.  Ohjectives  of  Knowledge. 

1.  Mechanics. — Thorough  training  in  fundamental  facts 
and  principles,  enabling  the  student  to  recognize  the  mechan- 
ical principles  and  the  mathematical  treatment  appropriate 
for  simple  problems  for  which  he  takes  his  own  data. 

2.  Strength  of  Materials. — Working  knowledge  of  the  com- 
mon theory  of  elastic  action,  and  its  application  to  the  simple 
members  of  structures  and  of  machines,  paying  attention  to 
assumptions  in  theory  and  to  limitations  when  conclusions 
are  applied  to  actual  materials. 

3.  Hydraulics. — Thorough  understanding  of  the  principles 
of  hydrostatics  and  of  fluid  motion,  with  simple  applications 
so  arranged  as  to  bring  out  the  relations  between  theory  and 
experiment. 

Each  course  should  give  a  thorough  drill  in  all  ground 
covered,  using  oral  recitations,  blackboard  demonstrations, 
informal  written  quizzes,  problems,  and  laboratory  work. 

II.  Ohjectives  of  Hahit. 

Certain  general  habits  on  the  part  of  a  student  should  be 
encouraged  by  all  his  instructors ;  among  these  may  be  men- 
tioned (1)  intellectual  integrity,  (2)  good  English,  (3)  eco- 
nomical methods  of  study,  (4)  punctuality,  (5)  completion  of 
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assignments,  (6)  numerical  accuracy,  and  (7)  presentation  of 
work  in  good  form. 

III.  Objectives  of  Attitude. 

For  the  purpose  of  making  the  student's  work  more  effi- 
cient and  to  make  him  a  better  man,  every  instructor  should 
seek  to  develop  in  him  certain  mental  attitudes,  such  as  (1) 
interest  in  his  work,  (2)  cooperation  with  his  associates,  (3) 
leadership,  (4)  self-confidence,  and  (5)  duty. 

It  is  believed  that  the  instructor  should  be  a  student  of  the 
teaching  process. 

Discussiox. 

A.  H.  Fuller:  In  concentrating  this  year's  report  upon 
"Main  Objectives  in  Teaching"  the  committee  has  given  an 
excellent  presentation  to  which  it  is  easier  to  agree  than  to 
take  issue.  The  impartiality  or  the  neglect  to  be  specific,  as 
the  ease  may  be,  in  the  nature  of  treatment  leaves  an  oppor- 
tunity for  putting  the  committee  on  the  defensive.  The  pres- 
entation which  has  been  made  would  apply  equally  well  in 
working  from  the  abstract  to  the  concrete  as  to  the  reverse, 
or.  in  other  words,  to  the  ordinary  textbook  methods  as  to  the 
case  system  or  project  method.  Which  does  the  committee 
recommend  ? 

If  I  may  relate  a  little  personal  experience,  I  would  say  that 
as  a  war  necessity  I  picked  up  a  section  in  mechanics  (includ- 
ing mechanics  of  materials)  this  last  year  for  the  first  time  in 
more  than  ten  years.  Previous  to  that  time.  I  taught  the 
subject  for  about  ten  years,  keeping  rather  close  to  textbook 
and  recitation  methods,  excepting  that  toward  the  end  of  the 
time  one  three-hour  computation  period  a  week  was  injected. 

Wishing  to  make  last  year's  experience  an  opportunity  for 
experiment  as  well  as  the  discharge  of  a  duty.  I  decided  to 
change  the  mode  of  attack  as  much  as  the  available  time  would 
permit  and  to  incorporate  some  of  the  features  of  the  project 
and  problem  method  as  developed  by  Professor  More  ^.nd  his 
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staff  at  the  University  of  Washington*  and  followed  so  effec- 
tively at  the  Engineer  School  at  Camp  Humphreys  during 
this  past  year.t 

It  was  apparent  that  the  new  method  required  more  time  in 
preparation  and  a  better  general  understanding  of  the  subject 
than  when  a  textbook  is  closely  followed,  but  the  results  seemed 
far  superior.  While  admitting  that  it  is  not  safe  to  draw 
conclusions  from  a  single  experiment,  it  seems  probable,  from 
this  and  from  observations  made  elsewhere  (primarily  during 
the  development  of  the  course  at  the  University  of  Washing- 
ton) that  the  project  or  case  method  will  give  decidedly  better 
results  in  the  hands  of  an  experienced  teacher  who  believes  in 
the  system  than  other  methods  regardless  of  the  ability  and 
the  view  point  of  the  instructor.  It  seems  apparent,  too,  that 
this  method  would  not  be  effective  in  the  hands  of  a  poor  or 
inexperienced  instructor,  but  that  it  furnishes  the  moans  of 
detecting  the  ineffective  teacher  and,  with  proper  administra- 
tion, should  be  conducive  to  better  teaching. 

I  would  like  also  to  tie  this  discussion  in  with  that  of  Com- 
mittee No.  15  with  the  assigned  subject,  "Methods  and  Details 
of  Teaching  Structural  Design."  In  that  report  mechanics 
and  mechanics  of  materials  were  mentioned  as  a  part  of  the 
necessar}^  work  in  structural  design.  Therefore  this  whole 
discussion  is  pertinent  to  the  other  and  could  well  be  consid- 
ered in  connection  with  it.  It  is  interesting  to  note  that  in 
both  discussions  attention  is  given  to  the  principle  of  teaching, 
including  the  training  of  instructors,  and  to  the  necessity  for 
making  a  distinction  between  fact  and  assumption  at  one  time 
and  between  strict  analysis  and  legitimate  approximations  at 
others. 

*  ' '  Mechanics  of  Eugiueeriug  at  the  University  of  Washington, ' '  by 
W.  E.  Duckering,"  Engineering  Education,  Vol.  VII,  No.  9  (1917). 

t  ' '  Comments  on  the  Course  in  Engineering  Mechanics  as  taught  at  the 
Engineer  School,  U.  S.  Army,"  by  1st  Lieut.  W.  E.  Duckering.  Pub- 
lished by  the  Engineer  School,  March  30,  1919. 
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By  a  vote  of  three  to  two,  the  committee  asks  to  be  dis- 
charged on  the  ground  of  having  essentially  completed  its 
work  and  the  impracticabilitj^  of  making  further  studies. 
Two  members  of  the  committee,  while  having  no  particular 
desire  to  serve  further  on  the  committee,  believe  that  there 
yet  remains  some  work  that  might  be  done  profitably  by  a 
committee  on  economics. 

In  the  first  place,  a  wide  diversity  of  opinion  exists  among 
educators  and  practicing  engineers  concerning  the  proper 
content  of  a  course  in  economics  to  be  taught  to  engineering 
students.  This  fact  is  revealed  by  a  study  of  the  character  of 
courses  now  offered  in  various  institutions,  where  one  finds 
practically  the  entire  range  of  subjects  that  may  be  classed  as 
economies,  offered  in  engineering  curricula,  and  also  by  the 
variety  of  conception  on  the  part  of  practicing  engineers  in- 
dicated by  the  quotations  included  in  the  committee  report. 
A  further  investigation  and  discussion  of  the  objectives  in 
teaching  economics  should  bring  about  a  greater  uniformity 
of  opinion  than  now  obtains. 

If  engineering  is  applied  science,  it  ought  to  be  not  only 
applied  physical  science,  mathematics,  physics,  chemistry, 
biology,  etc.,  but  it  should  be  applied  social  science  as  well. 
The  engineer  should  be  at  liberty  to  apply  any  specific  con- 
elusions,  principles  or  data  of  the  social  sciences  as  well  as 
those  of  the  physical  sciences  in  the  solution  of  his  proliloms 
of  construction  and  production.  Indeed,  he  ought  even  to  be 
at  liberty  to  extend  such,  knowledge  of  social  sciences  wherein 
they  may  apply  to  his  profession  by  making  observations  of 
his  own  in  that  realm  as  he  has  done  in  mechanics,  heat,  elec- 
tricity, etc.  To  this  end,  a  committee  of  the  society  should  be 
able  to  formulate  a  syllabus  of  economics,  comparable  to  the 
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excellent  one  already  prepared  on  mathematics  by  a  commit- 
tee on  that  subject,  which  would  be  of  value  in  coordinating 
and  giving  point  to  the  teaching  of  economies  to  engineering 
students. 

In  the  second  place,  a  diversity  of  opinion  exists  as  to  what 
is  sound  doctrine  in  regard  to  fundamental  principles  of  in- 
dustrial economics,  or,  in  other  words,  those  principles  that 
should  guide  the  engineer  in  his  professional  activities.     Mr. 
H.  L.  Gantt  avers,  in  the  quotation  appearing  in  the  com- 
mittee's report,   that  the   entire   fabric   of  economic  theory 
should  be  built  up  around  production  as  the  chief  factor,  a 
view  that  is,  as  he  himself  points  out,  quite  different  to  that 
of  the  modern  school  of  economists,  who  hold,  in  the  main, 
that  under  present  conditions,   distribution  of  the  world's 
wealth  is  of  more  importance  than  production.     Adam  Smith 
wrote  the  "Wealth  of  Nations"  some  one  hundred  and  fifty 
years  ago,  in  which  he  held  that  production  of  more  wealth 
in  the  world  wa^  of  primary  importance,  and  John  Stuart 
Mill,  more  than  a  half  century  later,  in  writing  the  second 
classic  of  economics,  modified  this  doctrine  but  slightly.     The 
principle  of  laissez  faire,   or   non-interference,   is  the  most 
powerful  stimulus   to   production   that  has  ever  manifested 
itself  in  society,  and  Adam  Smith  as  well  as  most  moderns 
who   believe   that   production  transcends   in   importance   all 
other  factors  in  economic  activity,   generally  advocate  this 
doctrine  as  a  basis  for. economic  organization. 

This  is  the  doctrine  that  allows  industrial  organizers  to 
drive  whatever  bargains  they  can  for  materials  and  labor  and 
then  profit  or  lose  accordingly,  denying  any  interests  or  rights 
which  the  public  or  society  may  have  in  such  transactions. 
This  doctrine  leads  to  centralization  or  integration  of  indus- 
trial organization  and  is  the  principle  under  which  much  of 
the  "big  business"  of  this  country  was  developed  in  the  latter 
part  of  the  last  century.  The  possibility  of  enormous  gains 
under  such  conditions  of  non-interference  serves  as  a  very 
powerful  stimulus  to  production  and  this  doctrine  is  very 


336  ADDENDA,    COMMITTEE    14, 

logically  advocated  by  those  who  think  that  production  is  the 
controlling  factor  in  economic  life. 

On  the  other  hand,  should  higher  wages  to  labor  instead  of 
larger  profits  to  capital  be  the  aim  of  the  engineer,  as  inti- 
mated by  Mr.  Gustav  Lindenthal  in  the  quotation  report? 
In  this  case,  the  engineer  would  become  the  co-partner  of 
labor  instead  of  the  agent  of  capital.  Is  it  possible  for  him  to 
serve  both  impartially?  Would  such  a  policy  tend  to  decen- 
tralization or  disintegration  of  industry? 

Which  of  these  views  is  more  nearly  correct  is  doubtless  a 
moot  question.  However,  there  is  no  question  about  the  fact 
that  the  former  view  is  held  by  many  engineers  engaged  in 
production  and  the  latter  by  many  careful  students  of  eco- 
nomics, and  it  is  certainly  desirable  to  have  a  study  of  the 
situation  in  order  to  bring  to  technical  education  the  best 
thought  of  the  time  with  regard  to  the  matter. 

Moreover,  the  industrial  and  economic  status  of  the  entire 
world  is  now  and  will  be  for  some  time  in  a  flux.  The  indus- 
tries face  a  new  alignment  in  the  way  of  markets.  Oceanic 
transportation  is  assuming  an  entirely  new  aspect,  especially 
for  American  industries;  railway  transportation  will  be  re- 
paired and  readjusted  to  serve  the  needs  of  the  entire  country 
in  a  more  effective  and  comprehensive  manner;  and  highway 
transportation  is  just  beginning  to  have  its  significance  re- 
vealed in  the  scheme  of  industrial  organization.  Economic 
history  .shows  plainly  the  effect  of  such  factors  in  the  past  and 
these  new  conditions  cannot  but  have  a  profound  influence 
upon  our  national  life  and  economic  activity  in  the  future, 
and  a  committee  might  well  undertake  to  attempt  to  bring 
before  the  Society  from  time  to  time  its  observations  in  this 
connection. 

For  these  reasons,  it  has  seemed  to  a  minority  of  the  com- 
mittee that  if  the  society  sees  fit  to  discharge  the  present  com- 
mittee in  accordance  with  its  expressed  desire,  it  might  prof- 
itably reappoint  a  committee  on  economics  with  a  changed  per- 
sonnel.    Should  the  society,  moreover,  see  fit  to  appoint  a 
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reconstituted  committee,  it  might  be  well  to  place  thereon  some 
teachers  of  economics  together  with  engineers  from  the  differ- 
ent branches  of  the  profession. 

C.  C.  Williams, 

Chairman. 

Discussion. 

A.  B.  McDaniel:  In  lieu  of  presenting  a  minority  report, 
and  as  it  will  be  impossible  for  the  writer  to  be  present  at  the 
meeting  during  the  presentation  of  the  report  of  the  commit- 
tee, the  following  brief  statement  is  presented  for  your  con- 
sideration, as  a  part  of  the  discussion  of  the  report. 

My  experience  during  the  past  thirteen  years  as  an  engi- 
neering instructor  and  for  about  twenty  years  as  a  practicing 
and  consulting  engineer,  has  led  me  to  believe  that  the  training 
given  in  our  technical  and  engineering  schools  is  somewhat 
unbalanced,  with  the  emphasis  placed  on  the  technical  side. 
In  the  past,  a  large  proportion  of  the  graduates  of  technical 
schools  have  followed  up  purely  technical  work,  and  relatively 
few  get  into  executive  positions,  even  along  the  lines  of  their 
professional  training  and  capacity.  This  condition  is  due 
largely,  I  believe,  to  the  one-sided  highly  specialized  training 
given  in  our  technical  schools,  which  does  not  develop  those 
qualities  of  initiative,  resourcefulness,  self-reliance  and  force 
necessary  for  success  in  administrative  and  executive  positions 
of  high  responsibility,  but  does  turn  out  technicians  of  re- 
stricted ability  and  limited  vision.  The  writer  has  talked  with 
a  number  of  managers  and  executives,  graduates  of  engineer- 
ing schools,  and  invariably  their  early  experience  was  along 
narrow  professional  lines  until  some  unforeseen  condition 
jolted  them  out  of  their  '  *  rut, ' '  and  started  them  on  the  road 
to  positions  of  high  executive  responsibility. 

It  is  my  belief  that  emphasis  should  be  laid,   especially 

through  general  lectures  to  the  students  in  the  freshman  and 

sophomore  classes  of  our  technical  schools,  upon  the  higher 

fields  of  usefulness  which  are  open  to  men  of  technical  train- 
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ing.  Our  students  should  be  urged  to  prepare  themselves  for 
these  higher  and  wider  fields  of  usefulness.  To  this  end,  I 
believe  that  every  engineering  course  should  contain  a  one- 
semester,  three-hour  course,  covering  the  general  field  of  busi- 
ness economics,  administration  and  management.  Such  a 
course  should  discuss  the  fundamental  principles  of  business 
economics,  finance,  trade,  production,  labor  and  transporta- 
tion. The  students  should  be  given  considerable  outside  read- 
ing, and  be  required  to  solve  problems  and  prepare  reports  on 
important  phases  of  the  subjects  included.  It  is  my  opinion 
that  such  a  course  should  be  administered  through  the  school 
of  commerce,  but  subject  to  the  approval  and  general  super- 
\nsion  of  the  engineering  school. 

The  vrriter  has  found  upon  investigation,  that  a  number  of 
the  leading  engineering  schools  of  the  country  give  a  three- 
hour  course  in  business  economics  and  management,  as  has 
been  outlined  above,  and  that  this  course  has  proved  to  be  a 
successful  and  valuable  part  of  the  curricula.  Twelve  hours 
has  been  devoted  to  work  of  this  nature  for  a  great  many  years, 
in  the  engineering  course  at  Union  University,  with  consid- 
erable success.  However,  the  writer  does  not  approve  of  de- 
voting so  much  time  to  even  a  subject  of  this  general  im- 
portance. 

Many  teachers  of  economics  have  complained  of  the  lack  of 
interest  and  attention  on  the  part  of  students  in  their  courses. 
The  writer  believes  that  this  condition  implies  the  lack  of  en- 
thusiasm on  the  part  of  the  teachers  and  the  improper  presen- 
tation of  the  work,  A  subject  like  economics  presented  in  a 
dry,  abstract  way,  with  merely  routine  assignments  from  text- 
books, is  bound  to  result  in  dull  and  uninteresting  presenta- 
tions. A  live  teacher,  with  a  background  of  practical  experi- 
ence in  the  business  world,  can  easily  arouse  the  interest  and 
enthusiasm  of  his  students  by  vitalizing  the  study  of  the  prin- 
ciples of  economics  with  illustrations  of  their  practical  applica- 
tion, and  especially  through  the  working  out  of  practical  prob- 
lems and  investigations  of  business  and  institutions.     Such  a 


ADDENDA,    COMMITTEE    1-4.  339 

training  would  give  our  engineering  graduates  a  thorougli 
working  knowledge  of  the  fundamental  principles  of  business 
economics,  which  would  be  of  material  assistance  to  them  in 
laying  foundations  for  broad  and  successful  careers. 

During  the  last  six  months  since  the  signing  of  the  Armis- 
tice, the  writer  has  talked  with  a  large  number  of  men  who  are 
leaving  the  government  service  and  returning  to  the  practice 
of  their  professions  in  civil  life.  The  majority  of  these  men 
have  been  engineers  and  architects  who  have  been  working  for 
others  in  more  or  less  subordinate  positions  before  entering 
the  government  service.  Nearly  every  man  has  stated  that  it 
was  his  intention  to  either  go  into  practice  for  himself,  as  an 
architect,  engineer  or  contractor,  or  to  enter  the  business  side 
of  his  profession.  Many  of  these  men  informed  the  writer 
that  they  had  been  preparing  for  this  change  by  outside  study 
of  business  courses  such  as  are  offered  by  La  Salle  University, 
the  Alexander  Hamilton  Institute,  and  similar  institutions. 
These  men  uniformly  expressed  their  lack  of  business  knowl- 
edge and  training  for  which  as  they  believe,  some  foundation 
should  have  been  laid  during  their  college  course. 

The  recent  Conference  on  Commercial  Engineering  held 
under  the  jurisdiction  of  the  Bureau  of  Education  in  Wash- 
ington, brought  out  very  closely  the  need  of  training  for  engi- 
neers in  various  branches  of  economics  and  commerce,  and 
sounded  a  note  in  education,  which  the  members  of  this  society 
and  the  institutions  they  represent,  should  not  disregard. 

In  conclusion,  I  would  suggest  that  those  members  of  this 
society  who  have  to  do  with  the  preparation  of  the  schedules 
and  curricula  for  engineering  courses,  should  consider  the  ad- 
visability of  establishing  the  following  yearly  course  in  eco- 
nomics, this  course  to  be  given  in  the  junior  and  senior  years 
of  all  engineering  courses :  First  semester,  a  three-hour  course 
in  the  general  principles  of  economics ;  second  semester,  a 
three-hour  course  in  the  economics  of  business,  covering  ad- 
ministration, management,  production,  finance,  trade,  labor 
and  transportation. 


REPORT   OF   COMMITTEE   NO.   15— CIVIL 
ENGINEERING. 

Assigned  Sub.ject.  ^Iethods  and  Details  of  Teaching 
Structural  Design. 

During  the  two  years  since  the  present  committee  was  ap- 
pointed it  has  been  impossible  to  get  more  than  two  of  the  men 
together  at  one  time  and.  therefore,  the  work  has  been  done 
almost  entirely  by  correspondence.  After  the  first  few  ex- 
changes of  letters,  it  was  decided  to  make  the  following  as- 
sumpptions  as  a  basis  for  discussion. 

"1.  Structural  design  includes  the  treatment  of  all  static 
structures  whose  designs  are  based  on  scientific  principles  and 
mathematical  calculations,  therefore  including  structures  of 
reinforced  concrete  as  well  as  of  steel  and  timber. 

"2.  The  structural  design  courses  are  to  be  considered  as  a 
part  of  the  curriculum  in  ci^■il  engineering  and  must  be 
studied  as  an  integral  portion  of  it  and  not  as  independent 
courses :  therefore — 

"3.  The  work  of  the  committee  must  include  a  discussion  of 
the  general  features  of  the  entire  curriculum  and  go  into 
detail  for  the  courses  in  structural  design. 

•  ■  4.  The  general  curriculum  should  be  fundamental  in  char- 
acter and  broad  in  scope." 

The  tangible  work  of  the  committee  thus  far  has  consisted 
of  three  papers  published  in  the  June.  1918,  Bulletin  and 
reprinted  in  the  1918  Proceedings,  followed  by  eight  discus- 
sions which  appeared  in  the  Bulletin  for  April  and  May.  1919. 

The  committee  wishes  to  express  a  hearty  appreciation  to 
the  eminent  engineers  and  teachers  who  have  contributed  to 
this  discussion.  These  contributions  should  prove  to  be  valu- 
able additions  to  the  literature  on  engineering  education,  aside 
from  their  direct  bearing  on  the  question  at  hand. 

340 
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As  a  basis  for  putting  before  the  convention  the  conclusions 
and  recommendations  which  the  committee  feels  may  follow 
these  discussions,  a  brief  review  is  made. 

Mr.  Fowler  suggests  that  the  purpose  of  the  first  year  of  a 
college  course  should  be  to  determine  the  aptitude  of  the 
student  and  that  the  drones  should  be  removed  as  soon  as  prac- 
ticable. He  thinks  that  self-reliance  begins  to  come  during 
the  course  in  proportion  to  a  thorough  undei^tanding  of  fun- 
damental theory  and  the  ability  to  apply  it:  and  that  this 
cannot  come  to  a  satisfactory  degree  until  the  student  is  able 
to  think  in  moments,  shears  and  other  basic  terms. 

He  advocates  work  as  draftsman,  timekeeper  or  even  as 
laborer. 

Dr.  Waddell  maintains  that  the  rank  and  file  of  technical 
men,  the  minor  draftsmen,  the  surveyors,  the  inspectors,  etc., 
do  not  receive  the  right  kind  of  training :  that  they  need  short, 
limited,  thorough  practical  courses  without  frills. 

As  a  ground  work  for  the  professional  engineer,  he  still  ad- 
vocates the  "higher  engineering  course"  he  proposed  a  score 
of  years  ago.  He  now  recognizes  a  post  graduate  course  will 
be  necessary  and  would  make  the  undergraduate  four  years 
work  general  and  fundamental.  He  distinctly  states  that  this 
course  should  differ  materially  from  the  standard  engineering 
course  of  today. 

He  does  the  committee  the  honor  to  discuss  separately  each 
of  the  four  subdivisions  it  had  made.  Among  his  constructive 
criticisms  for  a  revision  of  courses,  he  calls  attention  to  the 
discouragement  felt  by  so  many  freshmen  and  sophomores  in 
being  compelled  to  concentrate  their  efforts  upon  subjects 
which  seem  to  them  at  the  time  to  be  foreign  to  engineering 
without  getting  even  a  real  glimpse  of  what  they  thought  they 
were  going  to  do.  He  advocates,  therefore,  for  the  underclass- 
men "short  preliminary  courses  in  all  subjects  dealing  with 
structures,  so  as  to  teach  them  the  names  of  all  principal  parts 
thereof  (including  the  most  important  details),  the  character- 
istics of  the  materials  that  enter  into  the  eonstniction.  the 
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methods  of  manufacture  and  the  different  ways  of  erection  to 
meet  the  various  conditions." 

He  emphasizes  the  necessity  for  giving:  attention  to  the  train- 
ing of  instructors  by  adding  to  Professor  Smith's  five  essential 
qualifications  of  a  good  teacher,  four  others  relating  to  prac- 
tical experience,  interest  in  the  profession,  economic  phases  of 
design  and  ethics  and  equity. 

Mr.  Gillette,  in  his  discussion,  refers  particularly  to  Mr. 
Burt's  paper  on  "Objects  of  a  Structural  Course.""  and  he 
heartily  commends  it.  With  Dr.  TVaddell  he  believes  there  is 
need  for  radical  changes  in  present  day  courses.  His  criticism 
centers  upon  the  tendency,  as  he  finds  it,  to  discourage  (he 
uses  a  stronger  vrord,  atrophy)  the  instincts  of  exploration  in 
the  student. 

He  expresses  a  fear  that  the  present  tendencies  to  emphasize 
principles  may  be  carried  too  far  and  would  reverse  the  usual 
order  by  teaching  details  first  as  a  background  for  principles. 
He  suggests  the  formation  of  habits  (of  study  and  work)  as 
the  prime  object  of  college  work. 

He  follows  a  number  of  definitions  of  structures  and  struc- 
tural engineering  with  a  discussion  that  is  interesting  and  to 
the  point. 

Mr.  Lindenthal  finds  an  under  supply  of  skilled  structural 
men  and  an  over  supply  of  poor  ones.  He  believes  that  most 
students  are  kept  at  school  too  long;  that  only  those  should  be 
allowed  to  remain  after  their  twentieth  year  who  are  worth 
educating  for  the  higher  branches  of  engineering.  Those  who 
are  dropped  should  go  directly  into  the  trades  and  the  more 
apt  of  them  eventually  given  special  training  in  night  schools 
to  provide  recruits  for  foremen,  .superintendents  and  practical 
managers. 

Professor  Basquin  feels  that  the  committee  has  not  given  the 
necessary  attention  to  the  matter  of  training  of  instructors. 
He  offers  a  few  suggestions  for  approaching  this  neglected 
field  and  emphasizes  the  need  of  systematic  work. 

The  committee  early  recognized  this  as  an  important  phase 
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of  its  work  and  regrets  that  it  was  not  given  more  attention  in 
the  discussions. 

Mr.  Hollister  finds  it  necessary,  as  the  committee  did,  to 
express  his  views  on  education  in  general,  as  a  background  for 
specific  discussion  of  the  matter  at  hand.  He  says  the  object 
of  any  educational  process  is  to  awaken  the  spirit :  that  the 
process  is  dynamic  and  deals  more  with  the  relationship  of 
accumulated  facts  than  with  the  retention  of  facts  for  their 
intrinsic  value.  He  closes  as  he  opens  with  emphasis  upon 
methods  of  teaching  and  the  insistence  that  real  live  vitality  is 
an  essential  ingredient. 

He  makes  the  usual  plea'  for  a  broad  course  and  suggests 
that  much  of  it  should  be  considered  as  a  background  for  the 
accumulation  of  details  during  subsequent  study  and  practice. 

He  states  the  generally  accepted  fact  that  structural  engi- 
neering is  founded  upon  the  mechanics  of  engineering  and 
upon  the  theory  of  elasticity,  but  recognizes  the  need  for  much 
greater  emphasis  upon  the  latter  than  is  usually  given  to  it. 

He  believes  in  a  more  rigorous  undergraduate  course  than 
now  prevails  as  well  as  a  broader  one.  and  the  four  years' 
training  should  be  supplemented  by  graduate  work,  which 
delves  deeply  into  the  theory  of  structures. 

Mr.  Godfrey  contends  that  the  emphasis,  in  college  work,  is 
wrongly  placed;  that  theory  receives  too  much  attention  and 
* '  ordinary  horse  sense  ' '  is  inexcusably  neglected.  He  cites  a 
number  of  failures  of  engineering  structures  to  sustain  the  posi- 
tion ;  and,  to  make  his  criticism  constructive  as  well  as  destruc- 
tive, gives  many  an  illustration  when  a  structure  could  have 
been  saved,  and  theory  left  unscathed  by  a  searching  review 
from  a  purely  practical  standpoint. 

We  cannot  but  agree  with  him  that  an  instructor's  success 
will  be  enhanced  as  he  succeds  in  instilling  the  common  sense 
view  point  into  his  students  and  we  will  hope  that  this  can 
be  done  in  connection  with  rather  than  at  the  expense  of  a 
rigorous  theoretic  analysis. 

Mr.  Schmitt  makes  effective  use  of  the  opportunities,  the 
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powers  of  observation  and  the  facility  of  expression  of  the 
technical  editor.  He  not  only  agrees  with  previous  writers 
that  the  present  day  courses  need  revision  but  points  out  that 
just  now  an  opportunity  exists  for  replanninof  courses  and 
revising  methods  that  has  never  come  before  and  that  may 
never  come  again. 

He  agrees  also  with  Dr.  Waddell  and  Mr.  Indenthal  that  a 
large  proportion  of  the  college  men  do  not  get  value  received 
from  the  present  engineering  courses.  He  joins  the  former  in 
a  request  for  a  short  practical  course  as  a  quicker  means  to 
prepare  the  routine  man  and  a  higher  engineering  course  for 
the  one  with  the  ability  and  the  inclination  to  dig  deep,  recog- 
nizing also  that  this  may  have  to  be  more  than  four  years  in 
length.  He  makes  the  suggestion  that,  for  local  reasons,  the 
two  may  have  to  be  adjusted  so  as  to  coordinate  to  a  certain 
extent. 

Mr.  Schmitt  notes  that  practice  and  the  schools  are  not  in 
complete  harmony  and  assumes  that  the  trouble  lies  chieflly 
with  the  schools.  At  least  he  says  it  is  the  school 's  duty,  to  the 
state  as  well  as  to  the  student,  to  equip  the  student  for  the 
demand,  not  to  equip  him  for  a  non-existent  demand  or  to  mis- 
equip  him  for  the  existing  demand. 

The  committee  admits  the  premise  without  accepting  the 
conclusion  in  its  entirety.  Xo  doubt  the  schools  could  devote 
more  study  to  the  demand  to  advantage;  but  wouldn't  the 
harmony  which  Mr.  Schmitt  fails  to  find  be  more  apt  to  follow 
from  cooperation  between  the  colleges  and  the  employers  of 
college  men?  Are  we  sure  that  the  present  "demand"  is  the 
best  for  all  concerned  ? 

In  direct  reference  to  the  structural  courses.  Mr.  Schmitt 
calls  for  unity  of  treatment.  Teach  structures,  he  says :  em- 
phasize the  structural  principle  rather  than  teach  this  or  that 
class  of  structures.  He  thinks  that  the  teaching  of  design  as 
a  specific  subject  is  a  mistaken  policy.  He  would  use  examples 
of  design  when  necessary  to  illustrate  principles. 

It  is  significant  to  note  that  nearlv  all  of  the  men  who  have 
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participated  in  the  discussion  seem  convinced  that  quite  de- 
cided changes  in  present  day  curricula  could  be  made  to  ad- 
vantage; that  nearly  all  ask  for  greater  emphasis  on  funda- 
mental principles  and  a  general  broadening  of  viewpoint  for 
the  professional  engineer ;  that  a  few  of  them  want  to  provide 
graduate  work  for  the  exceptional  man  and  to  provide  a  shorter 
course,  perhaps  two  years,  for  the  routine  man  of  not  more 
than  average  ability ;  that  about  half  of  them  feel  that  methods 
of  teaching  need  attention  and  that  this  involves  definite  train- 
ing of  instructors. 

The  foregoing  conclusions  will  serve  as  a  basis  for  recom- 
mendations by  the  committee  and  should  be  of  value  to  any 
faculty  in  making  a  revision  of  curricula.  The  committee 
would  have  welcomed  a  larger  number  of  definite  suggestions 
for  effecting  the  various  changes  which  have  been  proposed. 
Those  who  have  taken  part  in  the  discussion  no  doubt  realize, 
as  the  members  of  the  committee  do,  that  the  spirit  with  which 
the  work  is  carried  out  is  of  more  importance  than  the  details 
of  arrangement.  A  reading  of  the  discussions  will  disclose 
many  statements  to  that  effect. 

The  attention  of  the  committee  has  been  called  to  a  paper 
by  Lieutenant  W.  E.  Duckering,  entitled  "Comments  on  the 
Course  in  Engineering  Mechaniesi  as  Taught  in  the  Engineer 
School  U.  S.  Army,"  which  presents  some  very  valuable  ideas 
on  the  manner  of  presentation  of  engineering  subjects  to  the 
student  so  as  to  hold  his  interest  and  stimulate  independent 
thought.     A  characteristic  quotation  is : 

"Once  the  interest  of  the  student  has  been  aroused,  and 
the  desirability  of  individual  effort  has  been  established,  the 
next  step  is  to  coach  and  lead  him  into  channels  of  scientific 
methods  of  analysis  which  will  make  his  independent  thought 
effective. ' ' 

This  paper  bears  so  directly  upon  the  subject  under  discus- 
sion that  the  committee  would  respectfully  suggest  a  reading 
of  it  in  connection  with  this  report. 

It  has  been  impossible  for-  the  committee  and  no  doubt  for 
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the  others  to  consider  the  subject  assigned  without  thinking  of 
the  Mann  Report  and  realizing  that  any  discussion  of  the  sub- 
ject was  to  a  marked  extent  a  discussion,  as  well,  of  the  Mann 
Report. 

May  it  not  be  considered  significant  that  the  report  of  this 
particular  committee  has  been  placed  on  the  program  at  the 
session  set  aside  for  consideration  of  the  Mann  Report  ?  The 
committee  trusts  its  work  may  contribute  to  the  broader  field, 
but  realizes  that  the  time  it  could  legitimately  claim  at  the 
convention  should  be  devoted  directly  to  the  subject  assigned. 
It  wishes  to  repeat  that  the  attention  given  to  the  civil  engi- 
neering curriculum  has  seemed  necessary  as  a  background  for 
the  consideration  of  methods  and  details  of  teaching  struc- 
tural design,  the  subject  which  was  assigned.  The  committee 
deliberately  attempted  to  draw  discussion  upon  the  details  of 
the  structural  courses  through  Professor  Morris'  paper  on 
"Subject  Matter,"  but  no  one  seemed  interested.  It  is  per- 
haps fairer  to  say  that  everyone  seemed  more  interested  in 
the  fundamental  and  general  phases  of  training  for  structural 
work. 

In  referring  to  Dr.  Mann's  report  once  more,  it  will  be 
noticed  that  he  refrained  from  making  recommendations  con- 
cerning the  content  of  courses,  or  the  arrangement  of  a  cur- 
riculum upon  recognizing  that  these  would  be  governed  by 
local  conditions  and  that  general  principles  would  be  of  great- 
est value. 

If  the  discussions,  and  the  lack  of  them,  may  be  a  criterion 
there  is  no  demand  for  a  report  on  minute  details,  but  there 
is  a  readiness  to  discuss  the  principles  involved. 

The  committee,  therefore,  wishes  to  close  its  work,  and,  it 
hopes,  to  open  a  discussion  by  submitting  the  following  recom- 
mendations, some  of  which  were  presented  in  the  preliminary 
report  of  last  year: 

1.  The  general  curriculum  in  civil  engineering  should  be 
fundamental  in  character  and  broad  in  scope. 

2.  The  structural  courses  should  be  considered  as  a  part  of 
the  general  curriculum  and  not  as  independent  courses. 
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3.  The  structural  courses  should  be  so  comprehensive  and 
at  the  same  time  so  fundamental  that  they  will  enable  the  stu- 
dent to  understand  the  main  features  of  the  design  of  struc- 
tures and,  at  the  same  time,  serve  as  a  basis  for  future  special- 
ization in  college  or  in  practice. 

4.  The  required  structural  courses  should  include : 

(a)  Mechanics,  including  statistics,  dynamics  and  mechan- 
ics of  materials. 

(&)  An  experimental  and  physical  study  of  the  usual  ma- 
terials of  construction,  including  iron,  steel,  timber,  cement 
and  concrete. 

(c)  The  theory  of  reinforced  concrete  construction  with 
just  sufficient  design  to  illustrate  and  fix  the  principles 
involved. 

(d)  An  analysis  of  stress  and  deflections  in  framed  struc- 
tures from  a  general  standpoint  which  may  be  extended,  when 
desired,  to  any  statically  determinate  structure,  for  dead  and 
live  load. 

(e)  The  principles  underlying  the  design  of  sections  and  of 
details  with  sufficient  work  in  design  to  illustrate  and  fix 
those  principles. 

5.  The  methods  employed  should  be  such  as  to  arouse  the 
student's  interest  and  be  directed  towards  the  discovery  and 
development,  by  the  student,  of  the  principles  involved,  rather 
than  to  "teach"  him  certain  standard  theories  and  methods. 

Summary  of  Conclusions. 

1.  The  general  curriculum  in  civil  engineering  should  be 
fundamental  in  character  and  broad  in  scope. 

2.  The  structural  courses  should  be  considered  as  a  part 
of  the  general  curriculum  and  not  as  independent  courses. 

3.  The  structural  courses  should  be  so  comprehensive  and 
at  the  same  time  so  fundamental  that  they  will  enable  the 
student  to  understand  the  main  features  of  the  design  of 
structures  and,  at  the  same  time,  serve  as  a  basis  for  future 
specialization  in  college  or  in  practice. 
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4.  The  required  structural  courses  should  include: 

(a)  Mechanics,  including  statics,  d^Tiamics  and  mechanics 
of  materials. 

(6)  An  experimental  and  physical  study  of  the  usual  ma- 
terials of  construction,  including  iron,  steel,  timber,  cement 
and  concrete. 

(c)  The  theory  of  reinforced  concrete  construction  with 
just  sufficient  design  to  illustrate  and  fix  the  principles 
involved. 

(d)  An  analysis  of  stresses  and  deflections  in  framed  struc- 
tures from  a  general  standpoint  which  may  be  extended,  when 
desired,  to  any  statically  determinate  structure,  for  dead  and 
live  loads. 

(e)  The  principles  underlying  the  design  of  sections  and  of 
details  with  just  sufficient  work  in  design  to  illustrate  and  fix 
those  principles. 

5.  The  methods  employed  should  be  such  as  to  arouse  the 
student's  interest  and  be  directed  towards  the  discovery  and 
development,  by  the  student,  of  the  principles  involved,  rather 
than  to  ''teach"  him  certain  standard  theories  and  methods. 

Discussion. 

A.  H.  Fuller:  Since  this  convention  went  on  record  yester- 
day by  adopting  the  resolutions  of  the  Special  Committee  on 
the  report  of  the  Joint  Committee  on  Engineering  Education, 
several  members  have  come  to  me  and  have  suggested  that  I 
present  the  conclusions  of  this  report  for  similar  adoption. 

I  hesitate  to  do  that  for  three  reasons.  First,  the  Com- 
mittee did  not  have  that  in  mind  when  they  were  preparing 
the  report,  and  I  have  not  heard  from  all  the  members  since 
it  was  submitted  to  them  in  the  present  form.  Second,  there 
is  evidently  not  time  on  the  program  for  the  discussion  which 
would  be  neces-sarj'  for  such  adoption.  Third,  I  do  not  be- 
lieve that  final  action  should  be  taken  upon  important  matters 
of  policy  at  the  same  meeting  at  which  they  are  presented, 
unless  they  have  been  previously  reduced  to  writing  and  sub- 
mitted to  the  membership. 
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I  think  it  would  be  well  to  extend  yesterday's  precedent  of 
adopting  resolutions  to  include  the  adoption  of  recommenda- 
tions of  committees  and,  as  a  practical  means  of  encouraging 
this.  I  move  you.  Mr.  President,  that  this  report  be  received 
and  that  the  question  of  adoption  be  made  an  item  on  the 
program  of  the  next  Convention. 

Professor  Constant:  Mr.  Chairman.  I  have  not  had  much 
time  on  account  of  various  duties  for  the  last  two  weeks  to 
give  this  paper  very  much  thought.  I  have  been  simply  doing 
a  little  thinking  since  I  have  been  here  and  since  I  have  spoken 
with  Professor  Fuller. 

On  the  whole  I  think  I  quite  clearly  agree  with  the  conclu- 
sions of  the  Committee.  It  seems  to  me  that  they  have  stated 
the  problems  of  the  structural  teaching  very  precisely. 

Taking  these  points  up  in  the  order  of  A,  B.  C.  D.  E.  Of 
course  A  is  an  important  thing,  the  study  of  statics,  including 
almost  the  entire  study  of  stnictural  engineering:  and  for  a 
young  man  who  has  engineering  incentives  a  thorough  course 
in  statics,  statics  in  mechanics  taught  from  an  engineering 
point  of  view  by  an  engineer  or  by  a  te<icher  with  engineering 
experience  and  illustrated  fully  by  actual  engineering  prob- 
lems instead  of  the  usual  stereotyped  problems  of  the  books 
on  mechanics  would  be  sufficient.  And  such  a  man  would 
very  readily  become  a  strutural  engineer,  or  in  my  mind  an 
engineer  as  soon  as  he  had  related  himself  to  the  outside  world 
of  practise.  Therefore,  of  course,  the  important  thing  in 
these  five  points  is  the  stress  upon  mechanics  and  the  proper 
way  to  teach  the  subject. 

B.  The  laboratory  side  of  it  is  something  that  I  think  prob- 
ably will  bring  out  considerable  discussion  within  the  next 
year.  What  weight  is  to  be  given  to  the  illustrative  value  of 
the  laboratory?  I  think  we  realize  that  we  can  get  along 
without  the  experimental  laboratory.  The  conclusions  of  the 
laboratory  are  well  known ;  they  are  in  the  books,  the  maga- 
zines, and  that  steel  can  carry  sixty  thousand  pounds  or  there- 
abouts is  a  fact  that  the  student  does  not  have  to  go  into  the 
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laboratory  to  establish.  Neither  is  it  necessary  for  him  to 
verify  the  deflection  of  a  beam.  He  can  take  that  fact  for 
granted ;  and,  therefore,  the  illustrative  value  of  the  labora- 
tory, the  exciting  of  the  student's  interest  and  so  on,  is  a 
matter  that  is  a  question  of  quantity.  But  how  much  weight 
shall  be  given  to  that?  It  is  valuable,  of  course.  But  to  what 
extent  we  must  go  into  that  is  a  matter  upon  which  there  will 
be  considerable  difference  of  opinion. 

C.  Reinforced  concrete.  I  am  rather  inclined  to  believe 
that  the  principles  of  reinforced  concrete  should  be  given 
along  with  the  course  in  mechanics;  that  is.  under  A,  other 
strength  materials. 

When  the  student  is  studying  the  question  of  shear,  and  the 
principle  of  stress,  diagonal  stress,  etc.,  and  homogeneous 
beam,  that  is  the  time,  it  seems  to  me,  to  take  up  the  same 
problems  in  composite  beams.  The  practical  applications  of 
reinforced  concrete  can  or  might  very  well  come  under  D  or 
E.  That  is,  the  more  professional  problems.  Nevertheless. 
of  course,  as  I  said  a  few  minutes  ago,  I  believe  in  the  case 
method  to  the  extent  of  illustrative  problems,  and  it  should  be 
introduced  all  along  the  line. 

Now,  of  course.  A,  B  and  C,  as  I  said  a  moment  ago,  would 
have  to  compute  with  the  essentials  in  a  course  on  engineering. 
However,  there  is  in  structural  engineering,  as  there  is  in  the 
others,  all  these  diagonal  branches  of  engineering,  mechanical 
and  electrical  engineering.  There  is  a  mass  of  information 
which  the  student  should  acquire,  which  he  should  know. 
For  instance,  in  structural  engineering  he  should  know  some- 
thing about  momentators  and  about  kilos,  and  the  weights 
that  come  upon  the  structures,  and  the  short-cut  methods. 
Now,  for  the  average  student  the  course  in  statics  will  not 
cover  this  ground  sufficiently.  There  is  too  much  to  be  accom- 
plished in  that  time.  So  it  is  proper,  it  seems  to  me,  that  we 
should  spend  some  additional  time  upon  certain  stresses  and 
strains  and  dynamics,  the  dynamics  of  the  mechanics. 

And  then  finally  of  course  there  should  be  following  the 
stresses  and  strains,  education  by  object  lessons. 
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I  think  that  two  years  ago  we  swung  entirely  too  far  and 
were  too  intent  on  turning  out  trained  draftsmen  than  turn- 
ing out  men  trained  in  the  principles  of  engineering.  Still, 
it  is  necessary  to  spend  considerable  time  upon  the  design  of 
the  individual  members. 

Now,  then,  finally  I  think  it  is  perfectly  proper  to  intro- 
duce in  an  undergraduate  course  some  study  of  the  mechanics 
of  elastic  bodies.  The  static  equations  that  are  taught  in 
mechanics,  it  seems  to  me,  are  hardly  sufficient. 

The  average  undergraduate  certainly  should  have  some  con- 
ception of  what  is  meant  by  such  elastic  equations  as  are  in- 
troduced in  the  study  of 
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those  three  equations  that  play  such  an  important  part  in  the 
question  of  the  deflection  of  elastic  bodies.  That  should  be 
introduced  in  the  course  somewhere,  and  perhaps  it  is  a  little 
too  early  to  introduce  them  in  A.  My  own  judgment  is  that 
a  course  in  structural  engineering  should  include  this,  with 
some  attention  being  paid  to  the  so-called  higher  stresses, 
although  I  think  that  a  misnomer,  but  some  attention  should 
be  paid  to  these  elastic  laws,  which  an  undergraduate  can 
readily  grasp  and  which  can  be  so  easily  and  so  beautifully 
illustrated  in  the  arch  and  some  similar  problems.  I  am 
afraid  we  are  in  the  study  of  arches  and  problems  of  that  sort 
more  concerned  with  the  design  of  that  particular  structure 
than  we  are  in  bringing  out  the  principles;  and  it  is  well  1 
think  to  lay  stress  upon  the  principle  rather  than  upon  the 
design.  The  student  should  be  made  to  see  how  those  prin- 
ciples will  apply  to  all  kinds  of  problems.  Original  problems 
should  be  thrown  at  him  in  the  class  and  in  the  tests  to  thor- 
oughly bring  out  his  knowledge  of  these  principles,  and  the 
design  of  a  particular  arch,  reinforcement  or  otherwise  should 
be  more  or  less  incidental  to  illustrate  probably  the  short  cut 
methods  and  practical  ways  that  the  engineer  would  adopt  in 
going  after  his  design. 
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Major  More:  On  account  of  the  lack  of  time  I  do  not  care 
to  present  any  discussion  at  this  time.  But  I  would  like  to 
have  the  privilege  if  it  is  permissible  of  submitting  a  written 
discussion  to  go  along  with  this  later. 

The  President:  Less  than  one  minute.  ^Ir.  Williams  is  on 
the  list  next. 

J.  P.  J.  Williams:  I  would  like  to  emphasize  Mr.  Schmitt's 
written  discussion  of  this  subject,  where  he  proposes  that  some 
method  be  devised  for  training  men  in  a  two-year  course. 
Some  kind  of  a  two-year  course  might  be  developed  to  satisfy 
the  demands  of  practical  men  for  structural  engineers  in 
minor  positions.  That  kind  of  development  might  possibly 
come  by  the  application  of  this  "case  system,"  about  which 
we  have  heard  this  morning,  in  the  early  years  of  structural 
courses,  and  by  doing  so  develop  men  who  can  be — I  do  not 
want  to  say  flunked  out — who  can  be  advised  to  get  into  prac- 
ticla  1  life,  through  the  mental  tests  which  we  discussed  yes- 
terday it  can  be  determined  that  probably  certain  men  would 
be  better  off  in  life  if  they  go  busy  in  practical  work.  So  by 
introducing  the  "case  system" — and  I  think  it  is  eminently 
practicable  in  the  structural  courses  this  method  of  attack 
by  problems  undoubtedly  putting  the  man  on  his  toes,  put- 
ting a  question  mark  in  his  mind,  he  goes  for  the  theory  and 
the  principles  to  the  textbook  or  to  the  reference  books  with  a 
seeking  mind,  which  gets  results. 

The  methods  employed  I  think  should  be  radically  revised. 
The  lecture  system  should  be  abolished,  tabooed  absolutely. 
There  .should  be  that  kind  of  in.struction  which  makes  the 
man  of  value  for  his  position — his  first  chance  in  practical 
life ;  so  that  the  employer  will  not  have  to  say,  ' '  It  takes  me 
a  whole  year  while  paying  this  man  a  salary,  to  fit  him  to  earn 
his  salary." 

F.  P.  McKibben:  I  suggest  for  the  Committee's  con.sidera- 
tion  three  points.  ^ 

First,  that  we  teachers  of  structural  engineering  who  devote 
all  our  time  to  the  theory  of  stresses  and  the  principles  of 
mechanics  are  making  a  mistake.     We  ought  to  devote  a  por- 
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tion  of  this  course  to  shop  operation  and  shop  management, 
especially  as  applied  to  structural  bridge  shops. 

Second,  I  think  it  not  correct  to  limit  our  instruction  to 
ordinary  statically  determined  structures.  To  turn  out  the 
best  men  we  must  at  least  give  them  the  underlying  principles 
of  statically  indeterminate  structures. 

Third,  we  have  systems  of  routing  material  through  shops. 
Why  not  come  thought  to  a  system  of  routing  men  through 
organizations  which  design,  fabricate  and  erect  bridges  and 
other  structures  ? 


REPORT    OF   COMMITTEE   NO.    i6— MECHANICAL 
ENGINEERING. 

]\Iethods  of  Teaching  Machixe  Design. 

Your  committee,  which  was  asked  to  consider  the  subject 
"Methods  of  Teaching  Machine  Design."  desires  to  submit 
the  following  report : 

The  courses  in  machine  design,  usually  required  of  under- 
graduates taking  a  mechanical  engineering  course,  should  give 
the  student  a  thorough  training  in  the  fundamental  prin- 
ciples involved  in  the  design  and  operation  of  machinery. 
Furthermore,  such  courses  should  impart  to  the  student  a  cer- 
tain amount  of  practical  knowledge  pertaining  to  the  methods 
used  in  manufacturing,  assembling,  operating  and  repairing 
machinery  of  not  too  complicated  a  nature.  In  addition  to 
teaching  principles  and  imparting  a  certain  amount  of  prac- 
tical knowledge,  the  student  should  be  taught  how  and  where 
to  search  for  additional  knowledge  to  be  used  in  more  com- 
plicated problems. 

In  order  that  such  courses  be  effective,  the  student  must  be 
weU  grounded  in  the  various  shop  processes,  in  mathematics, 
mechanics  and  kinematics,  in  the  properties  of  materials  used 
in  the  construction  of  machinery  and  in  the  strength  of  ma- 
terials. The  student  must  not  only  be  familiar  with  the  prin- 
ciples of  mathematics,  mechanics,  kinematics,  etc..  but  he  must 
have  the  ability  to  recognize  and  apply  such  principles  to  the 
various  problems  that  are  presented  for  solution.  In  addition 
to  the  various  subjects  just  enumerated,  courses  in  machine 
design  presuppose  a  knowledge  of  machine  drawing  and 
sketching  as  well  as  descriptive  geometry. 

A  study  of  the  various  methods  of  teaching  machine  design 
in  a  number  of  American  technical  schools  seems  to  indicate 
that  four  methods  are  used.    These  are  as  follows : 

354 
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1.  First  Method. — Students  are  assigned  isolated  problems, 
each  one  of  which  is  treated  independently  and  has  no  con- 
nection or  relation  whatsoever  with  any  of  the  other  problems. 
Some  of  these  problems  are  frequently  of  such  a  nature  that 
they  test  out  the  inventive  ability  possessed  by  the  student. 
Among  the  problems  commonly  met  with  are  the  following : 
Design  of  riveted  joints,  pins,  key  and  screw  fastenings,  shaft- 
ing and  bearings,  pulleys  and  gears  of  all  kinds,  couplings 
and  clutches,  cams.  etc. 

2.  Second  Method. — Students  working  independently  or  in 
groups  are  required  to  design  a  certain  type  of  machine  or 
series  of  machines  of  the  same  type,  thus  bringing  out  the 
relation  existing  between  the  various  elements  used  in  build- 
ing up  a  machine.  For  the  reason  just  stated  a  considerable 
number  of  machine  design  teachers  prefer  this  method  in 
place  of  that  given  in  (1)  above.  These  problems  may  be 
selected  by  the  individual  student  or  assigned  by  the  instruc- 
tor. In  the  majority  of  cases  the  machines  designed  are  com- 
paratively simple,  containing  elements,  the  design  of  which 
involve  the  use  of  simple  as  well  as  combined  stresses.  The 
following  machines  are  or  have  been  used  by  various  teachers : 
shapers.  slotters,  toggle-joint  presses,  punching  and  shearing 
machines,  hydraulic  and  pneumatic  riveters,  cranes,  drum 
hoists,  air  hoists,  drilling  machinery,  etc. 

3.  Third  Method. — Students  are  given  the  drawings  of  com- 
paratively simple  machines,  such  as  are  mentioned  in  (2) 
above,  and  then  are  required  to  make  a  complete  force  and 
stress  analysis  of  all  parts  or  elements  used  in  the  machine. 
Frequently  actual  machine  parts  that  have  failed  in  service 
are  examined  and  analyzed  in  order  to  determine  the  probable 
cause  of  failure. 

4.  Fourth  Method. — Students  are  assigned  a  series  of  prob- 
lems some  of  which  are  of  the  type  discussed  under  (1)  and 
(3)  and  at  least  one  problem  is  of  the  type  discussed  under 
(2),  so  that  the  student  may  obtain  a  connected  idea  of  an 
entire  machine  and  how  machines  are  developed  from  a  series 
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of  simple  machine  elements.  This  method  embodies  the  good 
points  of  all  the  other  methods  previously  mentioned  and  has 
given  very  good  results  in  the  institutions  that  are  using  it. 

Statement  of  Prohlem. — The  manner  in  which  a  machine 
design  problem  is  stated  and  placed  before  the  student,  is  a 
very  important  matter  and  should  receive  considerable  thought 
and  attention  from  the  teacher  or  teachers  in  charge  of  the 
courses.  Frequently  the  statement  of  the  problem  is  incom- 
plete and  as  a  result  the  student  wastes  valuable  time  before 
he  discovers  that  some  importajit  data  or  statement  has  been 
omitted.  A  good  plan,  followed  by  some  teachers,  is  to  work 
out  the  problems  before  they  are  assigned  thus  any  omission 
or  error  may  be  corrected  before  the  student  attempts  a  solu- 
tion. This  plan  requires  much  of  the  teacher's  time,  but  the 
results  obtained  generally  warrant  such  expenditure  of  time. 

In  some  institutions,  where  the  problems  are  of  the  type 
discussed  under  method  (2)  above,  the  statement  of  the  prob- 
lem is  in  the  form  of  a  specification  in  which  the  essential 
data  are  included.  Such  specifications  should  be  drawn  up 
very  carefully  so  that  they  may  serve  as  examples  for  future 
reference.  Another  way  of  making  problem  assignments  is 
to  give  a  brief  statement  containing  the  essential  data  and 
then  require  the  student  to  consult  the  trade  literature  for 
additional  help,  if  it  is  needed.  With  problems  of  this  nature 
it  is  suggested  that  the  student  be  made  to  write  a  complete 
specification  of  the  machine  as  it  was  designed  by  him. 

Requirements  of  the  Prohlem. — The  student's  solution  of 
any  problem  should  include  the  following:  (1)  A  series  of 
sketches,  to  be  submitted  to  the  instructor  for  approval,  in 
which  the  student  conveys  to  the  instructor  some  idea  of  the 
details  that  he  expects  to  introduce  into  his  design.  (2)  An 
outline  giving  in  detail  the  method  employed  in  arriving  at 
the  proportions  of  the  various  elements  used  in  the  machine. 
This  outline,  the  instructor  in  charge  of  the  course  should  dis- 
cuss with  the  student  before  approving  it.  (3)  A  series  of 
calculations,  accompanied  by  the  necessary  free-hand  sketches, 
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which  should  be  arranged  in  a  neat  and  logical  manner.  Such 
calculations  should  be  submitted  to  the  instructor  at  frequent 
intervals  for  checking  and  approval.  (4)  After  the  calcula- 
tions are  completed  and  approved,  the  student  should  make  a 
drawing  showing  the  assembly  of  the  machine  or  of  the  ma- 
chine element  which  he  designed.  Some  institutions  merely 
require  a  well-made  pencil  drawing,  while  others  demand  both 
a  pencil  drawing  and  a  tracing.  (5)  Having  completed  the 
drawing,  the  student  should  be  required  to  write  out  a  com- 
plete specification  of  the  machine  or  element  of  the  machine 
which  he  designed,  unless  such  a  specification  formed  the 
statement  of  the  problem.  (6)  In  certain  types  of  problems 
that  are  not  too  complicated  it  is  feasible  to  require  the  stu- 
dent to  make  an  estimate  of  the  cost  of  the  machine  he  designs. 
This  is  very  desirable,  as  the  student  should  be  given  some 
idea  as  to  the  most  of  machines  as  well  as  of  the  standard 
parts  used  in  such  machines. 

In  some  institutions  students  are  given  individual  problems 
while  in  others,  the  students  work  in  groups  of  two  or  more. 
"With  the  latter  system  the  best  man  in  the  group  may  be  con- 
sidered as  the  leader  and  might  then  be  held  responsible  for 
the  progress  made  by  the  group.  The  group  system  has 
proven  highly  satisfactory  when  each  group  of  men  was  re- 
quired to  design  a  series  of  machines,  say  a  series  of  punching 
and  shearing  machines  all  of  which  have  the  same  capacity 
but  of  different  throat  depths.  It  is  evident  that  in  such  a 
series  of  machines  there  are  a  considerable  number  of  parts 
that  must  be  interchangeable,  thus  compelling  the  students 
to  cooperate  with  each  other  when  designing  such  parts.  For 
example,  the  ram  or  slide  as  well  as  the  back-stand  of  a  series 
of  punching  and  shearing  machines  having  the  same  capacity 
must  be  designed  so  that  they  will  fit  all  of  the  frames  in  that 
series.  Furthermore,  in  order  that  a  double  machine  may  be 
built,  it  is  necessary  that  many  important  dimensions  on  the 
various  sizes  of  frames  must  agree  with  each  other  or  it  is 
impossible  to  place  two  frames  back  to  back. 
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Qualifications  of  the  Machine  Design  Teacher. — The  essen- 
tial qualifications  of  a  good  teacher  for  the  machine  design 
courses  are  not  different  from  those  required  of  any  good 
teacher  of  technical  subjects,  and  may  be  briefly  summed  up 
as  follows: 

1.  He  must  have  command  of  the  subject,  that  is.  he  must 
be  well  grounded  in  theory  and  must  have  had  some  practical 
experience  so  that  he  may  thoroughly  understand  the  appli- 
cation of  the  theory  to  practice. 

2.  He  must  keep  himself  informed  as  to  the  latest  theories 
pertaining  to  special  problems  in  machine  design  and  should 
keep  abreast  with  modern  tendencies  in  machine  design.  In 
short,  he  should  be  familiar  with  the  literature  of  the  subject. 

3.  He  should  have  some  knowledge  on  the  economics  of  the 
subject  under  discussion,  and  impress  the  student  with  the 
importance  of  economics  in  connection  with  machine  design. 

4.  He  should  be  able  to  inspire  and  lead  the  students. 

5.  He  must  be  interested  in  the  advancement  of  the  engi- 
neering profession  and  its  code  of  ethics. 

6.  He  must  be  congenial  and  get  along  well  with  his 
colleagues. 

Respectfully  submitted, 

D.  S.  Kimball. 

F.  E.  French, 

G.  F.  Gebhardt. 
W.  T.  Magruder. 
O.   A.   Leutwiler. 

Chairman. 


REPORT  OF  COMMITTEE  NO.   17— ELECTRICAL 
ENGINEERING. 

Your  Committee  on  Electrical  Engineering  Education  has 
continued  during  the  past  year  its  study  of  the  effects  of  the 
war  upon  electrical  engineering  education.  The  concensus  of 
opinion  in  the  various  institutions  investigated  throughout 
the  country  seems  to  indicate  that  the  S.  A.  T.  C.  administra- 
tion, although  producing  many  temporary  changes,  has; 
effected  very  littie  permanent  readjustment  of  the  curricula,, 
or  teaching  methods. 

The  large  S.  A.  T.  C.  freshmen  enrollment  in  electrical 
engineering  has  been  pretty  generally  sustained  and  most  in- 
stitutions have  a  much  larger  freshmen  class  than  ever  before. 
The  upper  classes  are  in  most  cases  below  normal,  but  are 
being  rapidly  recruited  by  former  students  returning  from 
military  service,  who  seem  to  be  more  eager  than  before  to. 
complete  their  technical  training. 

The  war  has  given  a  great  impetus  to  research  work  par- 
ticularly in  the  field  of  electro-communication,  and  many  more> 
students  are  entering  this  branch  of  the  profession  than  im 
past  years.  The  establishment  of  signal  corps  and  field  artil- 
lery units  of  the  R.  0.  T.  C.  in  many  of  the  institutions  which 
formally  had  only  infantry  detachments,  will  very  greatly 
assist  in  maintaining  interest  in  the  study  of  electro-communi- 
cation. 

Extensive  vocational  training  carried  on  by  most  institu- 
tions during  the  war  has  tended  to  emphasize  the  importance 
of  practical  laboratory  and  demonstration  work  in  connection 
with  electrical  engineering  instruction,  and  has  tended  toward 
further  correlation  of  laboratory,  classroom  and  lecture  in- 
struction. In  some  instances,  the  adoption  of  more  technical 
training,  involving  concentric  methods  of  instruction  in  the 
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freshmen    and    sophomore    years    of    electrical    engineering 
courses,  has  resulted. 

In  short,  it  is  believed  that  instructional  work  during  the 
war  has  in  many  instances,  opened  our  eyes  to  possibilities  of 
improvement  in  our  regular  technical  courses,  but  has  not 
materially  altered  fundamental  pedagogical  principles,  nor 
the  subject  matter  of  the  curricula. 


REPORT  OF  COMMITTEE  NO.  i8— MINING 
ENGINEERING. 

Thus  far  the  Mining  Engineering  Committee  has  confined 
its  investigation  and  study  to  the  subject  of  laboratories  for 
undergraduate  students.  The  committee  first  attempted  to 
ascertain  the  prevailing  practices  in  American  mining  schools 
in  the  use  of  laboratories  for  the  instruction  and  training  of 
undergraduate  students.  The  results  of  this  investigation 
were  reported  to  the  society  in  1917. 

The  following  conclusions  and  recommendations  are  now 
respectfully  submitted  for  consideration : 

1.  Mining  Laboratories. — The  nature  of  the  equipment  must 
vary  with  different  localities,  but  as  far  as  possible  should  be 
standardized  and  designed  to  instruct  students  in  the  prin- 
ciples of  drilling,  breaking  ground  and  supporting  excava- 
tions. Experimental  work  with  explosives  should  in  general 
be  of  a  demonstrative  character  conducted  by  an  instructor  of 
practical  experience  with  small  sections  of  the  class  at  a  time, 
say  three  or  four  students  in  a  section. 

2.  Assay  laboratories  should  be  designed  to  teach  principles 
of  assaying  and  sampling  rather  than  endeavor  to  reproduce 
commercial  assay  laboratories.  Speed  and  routine  analysis 
work  should  be  discussed  rather  than  practiced. 

3.  Ore  dressing  laboratories  should  be  laid  out  with  stand- 
ard small  size  machinery.  Emphasis  should  be  placed  on  the 
individual  machine  rather  than  an  attempt  made  to  connect 
up  a  series  of  machines  to  imitate  the  flow  sheet  of  some  par- 
ticular commercial  mill.  Commercial  methods  and  flow  sheets 
should  be  discussed  in  connection  with  the  study  of  principles 
on  the  individual  machines. 

It  is  the  opinion  of  this  committee  that : 
1.  The  above-mentioned  laboratories,  equipped  substantially 
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as  suggested,  are  essential  for  the  efficient  instruction  of  min- 
ing engineering  students. 

2.  The  stud}'  of  metallurgy  does  not  appear  to  lend  itself 
readily  to  laboratory  practice  above  that  which  is  afforded  in 
the  assay  and  general  chemical  laboratories. 

3.  In  nearly  every  laboratory  practice  the  normal  physical, 
chemical  and  mechanical  actions  of  small  scale  operations  and 
small  size  machinery  are  consi-stent  with  the  actions  of  com- 
mercial scale  machines  and  operations.  Notable  exceptions 
to  this  rule  are  rock  drills  in  mining  laboratories  and  drop 
stamps  in  ore  dressing. 

The  investigation  of  questions  of  curricula  and  pedagogic 
methods  seems  desirable  as  the  immediate  future  activity  of 
the  committee. 

F.  AV.  Sperr, 
Chairmaiu 


REPORT  OF  COMMITTEE  NO.  20— STANDARDIZA- 
TION OF  TECHNICAL  NOMENCLATURE. 

The  first  report  of  the.  committee  as  at  present  organized 
was  made  in  1915  and  may  be  found  in  Volume  22  of  the 
Proceedings  of  the  S.  P.  E.  E.  Summed  up  briefly,  the  evi- 
dence in  possession  of  the  committee  at  that  time  showed  that 
there  was  variation  in  the  spelling  and  abbreviating  of  many 
fairly  common  technical  terms  and  that  the  national  engineer- 
ing societies  of  the  country  did  not  agree  in  their  usages. 
The  1915  report  contained  a  number  of  these  technical  terms 
which  were  submitted  for  criticism.  Among  the  questions 
that  arose  was  the  absolute  lack  of  uniformity  in  the  practice 
of  American  technical  journals  in  the  spelling  of  compound 
terms,  such  as  connecting  rod,  crank  pin,  which  puzzled  the 
committee  considerably. 

The  second  report  of  the  committee  as  at  present  organized 
was  made  in  1916  and  may  be  found  in  Volume  24,  1916.  By 
this  time  the  committee  had  had  an  opportunity  to  investigate 
technical  compound  terms  with  more  care  and  to  consult  edi- 
tors and  technical  writers.  This  report  gave  three  rules  for 
the  hyphening  of  compound  technical  terms  which  have  been 
discussed  a  good  deal  since  that  time,  and  which  have  been 
adopted,  in  principle,  by  a  number  of  the  engineering  societies 
as  representing  intelligent  practice.  In  this  connection  it 
may  be  stated  that  the  four  founder  societies  do  not  yet  agree 
in  the  practice  of  spelling  and  hyphening  technical  compound 
nouns,  technical  compound  nouns  being  understood  to  mean 
expressions  consisting  of  two  words  which  must  be  taken 
together  correctly  to  express  the  concept,  such  as  the  expres- 
sions boiler  room  and  railroad. 

It  may  interest  those  of  you  who  have  not  followed  the  re- 
ports carefully  to  know  that  there  is  wide  divergence  of  prae- 
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tice  in  the  dictionaries  of  the  country  in  regard  to  hyphening. 
After  the  committee  had  arrived  at  its  three  rules,  it  learned 
that  the  practice  it  recommended  was  best  represented  by  the 
Webster  Dictionaries,  which  also  are  followed  by  the  Style 
Book  of  the  Public  Printer.  Briefly  stated,  the  idea  of  the 
committee  is  that  where  technical  compound  terms  are  used 
as  nouns,  as,  for  instance,  railroad,  connecting  rod,  they 
should  not  be  hyphened.  In  other  words,  they  should  be 
written  either  as  one  word,  as  railroad,  windshield,  or  as  two 
words,  as  boiler  room.  When  common  practice  among  men 
leads  to  the  connecting  of  the  two  words  into  one,  as  had 
transpired  in  the  case  of  railroad  and  windshield,  then  it  will 
be  time  for  the  technical  man  to  follow ;  but  in  no  case  is  the 
technical  compound  noun  to  be  hyphened.  The  committee's 
rule  advises  the  use  of  the  hyphen  in  compound  adjectival 
forms.  For  instance,  boiler  room  is  written  as  two  separate 
words  when  it  is  a  noun,  but  in  the  expression  boiler-room 
economy,  a  hyphen  should  connect  the  words  boiler  and  room, 
because  both  the  words  boiler  and  room  must  be  taken  together 
correctly  to  express  the  meaning  intended  and  because  the 
words  occur  in  adjectival  form.  There  is  much  difference  of 
opinion  about  the  use  of  the  hyphen,  and  there  are  some  mem- 
bers of  the  society  who  disagree  absolutely  with  the  committee, 
but  this  rule  appears  to  represent  the  general  tendency  at  this 
time  and  there  is  a  definiteness  about  it  which  is  extremely 
satisfactory  when  the  chaos  of  the  present  practice  is  observed. 
There  is,  of  course,  a  lack  of  definiteness  in  the  use  of  tech- 
nical compound  terms  when  used  as  nouns.  Since  these  are 
to  be  written  either  as  solid  words  or  as  two  words,  the  choice 
is  narrowed  to  two  possibilities.  There  is  the  greatest  differ- 
ence in  practice  in  this  regard.  The  sane  and  intelligent 
thing  to  do  seems  to  be  to  wait  until  the  man  in  the  street 
writes  the  words  together.  For  instance,  the  word  windshield 
is  now  written  as  a  solid  word  because  the  man  in  the  street 
thinks  of  it  in  that  way,  and  writes  it  in  that  way.  The  term 
boiler  room  is  probably  an  older  term,  but  is  not  in  common 
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enough  use  to  warrant  writiDg  it  as  one  word;  so,  while  boiler 
room  to  the  engineer  is  a  distinct  concept,  yet  it  appears  to  he 
better  to  write  this  compound  word  as  two  words  rather  than 
to  attempt  to  force  it  upon  English-speaking  people  as  one 
word.  There  are,  of  course,  a  considerable  number  of  people 
who  will  insist  upon  writing  some  technical  compound  nouns 
with  a  hyphen  as  representing  an  intermediate  stage  between 
the  separate  and  solid  forms.  The  committee's  rule  advises 
the  elimination  of  the  hyphenated  form  when  technical  com- 
pound terms  are  used  as  nouns.  The  study  of  English  and 
American  practice  in  this  regard  and  the  development  of  the 
use  of  the  hyphen  are  extremely  interesting.  Some  very  val- 
uable information  was  obtained  from  Mr.  F.  Sturges  Allen, 
editor  of  the  Webster  Dictionaries,  G.  and  C.  Merriam  Com- 
pany, and  a  paper  on  this  subject  by  Mr.  Allen  will  appear  in 
Engineering  Education  in  the  near  future.  The  1916  re- 
port included  also  a  list  of  technical  terms  and  abbreviations 
which  were  approved  by  the  committee  and  a  list  of  technical 
terms  which  were  submitted  by  the  committee  for  discussion 
and  criticism.  Members  of  the  society,  looking  over  the  lists 
carelessly,  have  not  always  understood  that  some  of  these  lists 
were  submitted  for  criticism  and  had  not  been  approved, 
although  these  facts  are  clearly  stated. 

By  1916  the  committee  had  secured  the  cooperation  of  rep- 
resentatives from  most  of  the  national  engineering  societies, 
from  the  Public  Printer,  from  a  number  of  the  publishers  of 
engineering  books  and  of  technical  journals  and  had  con- 
ducted a  fairly  vigorous  correspondence  with  professors  and 
teachers  of  engineering,  because  its  job  was  not  to  formulate 
new  rules  of  its  own,  but  to  discover  and  make  known  general 
tendencies.  During  1915  and  1916,  a  number  of  individual 
requests  were  made  that  the  committee  investigate  the  subject 
of  technical  symbols,  and  it  was  finally  authorized,  by  the 
council,  to  prepare  a  list  for  mechanics  and  hydraulics.  The 
general  method  of  investigating  the  subject  of  technical  terms 
is  described  in  the  1917  report  of  the  committee,  which  ap- 
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pears  in  the  Bulletin  of  the  society,  Volume  8,  No.  4,  1917. 
Letters  were  addressed  to  nearly  all  professors  of  mechanics 
and  hydraulics  in  the  country  and  to  a  number  of  practicing 
engineers.  The  committee  found  that  there  was  overwhelm- 
ing approval  of  the  plan  to  standardize,  symbols,  but  there 
was  wide  variation  in  practice.  It  obtained  many  lists  of 
symbols  from  professors,  charted  them  and  prepared  a  list  of 
symbols,  which  represented  the  most  general  practice  so  far  as 
the  committee  could  ascertain  it.  This  list  appeared  in  a  num- 
ber of  technical  journals  of  the  country  during  1917  and  1918 
and  was  considerably  discussed.  It  finally  lead  to  the  list 
which  was  adopted  at  the  annual  meeting  of  the  S.  P.  E.  E.  in 
June,  1918,  copies  of  which  have  been  distributed  to  you  this 
morning. 

A  few  words  about  this  list  may  not  be  out  of  place  here. 
It  represents  the  most  general  practice  as  far  as  the  commit- 
tee has  been  able  to  ascertain  it.  It  is  itself  in  doubt  about 
one  or  two  of  them.  The  list  is  incomplete.  It  confines  itself 
to  a  narrow  field  of  engineering  and  does  not  cover  that  field 
well,  but  it  does  represent  the  beginning  of  a  standard  list  of 
symbols  in  mechanics  and  hydraulics,  which,  it  is  hoped, 
will  grow. 

In  December,  1918,  a  meeting  of  your  committee  was  held 
in  New  York  to  which  were  invited  representatives  of  the 
American  Society  of  Mechanical  Engineers,  American  Society 
of  Civil  Engineers,  American  Institute  of  Mining  Engineers, 
American  Institute  of  Electrical  Engineers  and  the  Society 
of  Automotive  Engineers.  This  meeting  resulted  in  the  for- 
mation of  a  conference  on  technical  symbols,  which  will  meet 
from  time  to  time  and  endeavor  to  standardize  symboLs  in  all 
technical  lines  in  this  country.  The  S.  P.  E.  E.  list  is  to  be 
used  as  a  starting  point  in  mechanics  and  hydraulics  and  the 
report  of  the  first  meeting  of  the  Conference  is  printed  on 
page  183  in  the  January.  1919,  issue  of  the  Bulletin  of 
the  S.  P.  E.  E. 

The  following  facts  about  technical  symbols  appear  to  stand 
out  clearly : 
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1.  A  consistent  table  of  symbols  in  which  each  engineering 
or  scientific  concept  is  represented  by  one  symbol  and  in 
which  that  symbol  represents  only  the  one  concept  and  no 
other  is  impossible  at  this  time.  The  capital  letter  /,  for 
instance,  represents  one  thing  to  the  electrical  engineer  and 
another  thing  to  the  student  of  mechanics  and  neither  will 
consent  to  give  up  his  point  of  view. 

2.  The  list  of  symbols  most  carefully  worked  out  is  the  list 
of  the  International  Electrotechnical  Commission.  This  is  a 
really  international  system. 

3.  We  have,  to  begin  with,  the  list  of  the  International 
Electrotechnical  Commission  and  the  short  list  in  mechanics 
and  hydraulics  of  this  society.  Tentative  lists  should  be 
drawn  up  for  heat  engineering  and  thermodynamics  and  for 
other  divisions  of  engineering  and  science,  utilizing  the  sym- 
bols in  the  electrotechnical  lists  and  in  the  S.  P.  E.  E.  list  as 
fas  as  possible,  until  practically  all  engineering  and  scientific 
fields  are  covered.  This  will  finally  result  in  many  letters  of 
the  alphabet  being  used  for  two  or  more  concepts,  which  is 
unfortunate,  but  inevitable.  It  will  also  result,  however,  in 
a  single  concept  being  represented  by  one  symbol  only.  For 
instance,  moment  of  inertia  will  always  be  represented  by  the 
capital  letter  I.  The  same  letter  will  represent  another  con- 
cept in  the  work  of  the  electrical  engineer  and  will  represent 
still  another  concept  in  the  work  of  the  student  of  thermo- 
dynamics. This  is  not  an  ideal  situation,  but  is  one  toward 
which  we  are  all  moving  and  is  infinitely  better  than  the 
present  chaos. 

In  conclusion,  the  active  work  of  your  committee  at  the 
present  time  consists  in  its  participation  in  the  Conference  on 
Technical  Symbols  for  which  representatives  have  been  ap- 
pointed from  the  following  societies:  American  Society  of 
Civil  Engineers',  American  Society  of  Mechanical  Engineers, 
American  Institute  of  Electrical  Engineers,  American  Insti- 
tute of  Mining  Engineers,  Society  of  Automotive  Engineers, 
American  Ph^^sical  Society,  American  Society  of  Refrigerating 
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Enorineers.  American  Engineering  Standards  Committee,  Bu- 
reau of  Standards.  Society  of  Xaval  Architects. 

Several  of  the  representatives  of  these  societies  are  now 
making  up  lists.  After  the  new  symbols  have  been  tabulated 
and  discussed,  they  will  be  presented  to  this  society  for  con- 
sideration. 
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